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HISTOGENESIS  AND  HISTOLYSIS  OF  THE  INTESTINA!. 
EPITHELIUM  or  BUFO  LENTIGINOSUS. 

BY 

MAUY  A.  BOWBRS. 
WiTH  4  Plates  and  1  Text  Figure. 

The  various  phenomena  aasociated  with  metamorphosia  present 
many  problems  which  are  of  great  biological  interest.  They  have 
attraeted  a  large  number  of  investigators,  and  the  literature,  includ- 
ing  ali  phases  of  the  siibject,  the  macroscopic  and  microscopie 
changes  which  occur  at  the  time  of  transformation  and  the  experi- 
mental  and  theoretical  work  on  the  causes  of  metamorphosis,  has 
become  most  voluminous.  However,  previous  to  1906  but  two  papers 
had  been  published  on  the  modification  of  the  tadpole  intestine, 
Ratner,  '91,  and  Reuter,  1900.  Ratner  deacribes  the  changes  which 
occur  in  the  subepithelial  layers;  Reuter,  using  Alytes  obstetricans, 
gives  a  very  full  account  (Part  I)  of  the  macroscopic  changes  of 
the  alimentary  tract;  (Part  II)  the  degenerative  and  regenerative 
modifications  of  the  epitheliura.  I  should  mention  that  Kingsbury, 
'99,  published  a  brief  abstract  of  work  which  he  had  begun  on 
Bufo.  Since  my  work  was  begun  another  paper  has  appeared,  by 
Duesberg,  '96,  but  as  his  observations  and  interpretations  are  not  in 
accord  with  those  of  Reuter  and  as  his  material.  Rana  fusca,  is  dif- 
fcront  from  mino,  it  scenis  worth  while  to  state  bricfly  my  results. 

This  investigation  was  undertaken  at  the  suggestion  of  Professor 
E.  G.  Conklin,  and  has  been  carried  on  in  the  laboratories  of  the 
University  of  Pennsylvania.  I  wish  to  express  my  sincere  appre- 
ciation  of  Professor  Conklin's  valuable  assistanco  and  his  kindness 
to  me  throughout  my  work.  I  am  also  greatly  indebted  to  Mr. 
Herbert  G.  Kribs,  who  most  carefuUy  prepared  the  photomicro- 
graphs  and  kindly  aided  me  in  ali  my  photographic  work. 
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Material  and  Methods. 

The  material  used  for  this  investigation  has  been  our  common 
toad^  Bufo  lentiginosus,  supplemented  bj  the  examination  of  manj 
series  of  the  bullfrog,  Rana  catesbiana,  and  of  the  green  frog,  Rana 
clamata. 

The  most  satisfactory  fixing  fluida  were  Flemming's  and  Zenker's. 
Paraffin  embedding  was  employed  and  sections  cut  6  2/3  microns 
thick.  Considerable  difficulty  was  experienced  in  cutting  the  first 
series,  especially  the  young  stages,  owing  to  the  diatoms  and  sand  in 
the  intestine.  This  trouble  was  avoided  by  feeding  the  tadpoles  for  a 
day  before  killing,  on  fine  yellow  corn  meal,  which  replaced  the 
gritty  contenta.  A  long  series  of  substances,  flour  paste,  egg  (yolk 
and  white),  bcef  juice  gelatine,  and  meat  were  tried,  but  were  not 
satisfactory. 

The  Flemming  material  was  stained  with  Heidenhain's  iron 
hsematoxylin  and  orange  G.  Delafield's  hffimatoxylin  (in  toto)  and 
eosin  (on  the  slide)  were  used  for  the  larvae  preserved  in  Zenker. 
Ali  figures  were  drawn  with  the  aid  of  an  Abbe  camera  lucida.  The 
photomicrographs  were  taken  with  violet  light. 

Living  tadpoles  were  used  for  ali  X-ray  photographs  except  Figs.  i 

3-10;  these  were  taken  from  preserved  specimens  whose  alimentary 
tracts  contained  only  the  normal  food.  Larvae  were  prepared  for 
ali  other  photographs  in  the  foUowing  way:  subnitrate  of  bismuth, 
a  non-irritating  powder  and  insoluble  in  water,  was  placed  in  a  j 

flat-bottomed  glass  dish  and  the  tadpoles  allowed  to  f eed  on  it  for  f our  j 

or  five  hours.     Larvae  which  are  not  transforming  feed  almost  con-  ( 

tinuously,  by  night  as  well  as  by  day,  so  the  whole  canal  is  kept  | 

well  fiUed.  They  were  then  placed  in  a  5  per  cent  solution  of  ether 
and  when  quiet  (usually  in  about  15  minutes)  they  were  taken  out  i 

and  arranged  on  a  thin  piece  of  paraffin  paper,  to  protect  the  X-ray 
piate,  and  exposed  to  the  rays  for  thirty  seconds.  The  animals  were 
immediately  replaced  in  pure  water  where  they  revived  in  from 
5  to  10  minutes. 

Macboscopic  Changes. 

Reuter,  in  the  first  part  of  bis  work,  describes  the  gross  changes 
which  occur  during  metamorphosis,  in  the  alimentary  tract  of  Alytes 
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obstetricans,  and  Duesberg  reports  that  Bana  fusca  shows  complete 
agreement  wìth  these  conditions.  The  phenomena  are  essentially 
the  same  in  Bufo  lentiginosus.  I  shall  refer  only  briefly  to  a  few 
points  brought  out  by  the  method  used  in  studying  Bufo.  The 
employment  of  subnitrate  of  bismuth  and  the  X-rays  was  sug- 
gested  to  me  by  Cannon's  paper  ('02)  in  which  he  describes  its  use 
in  his  physiological  work  upon  the  movements  of  the  intestines  of 
the  cat.  By  employing  this  method  with  Bufo  it  has  been  possi- 
ble  to  figure  successive  changes  in  the  same  individuai  from  day 
to  day,  and  the  danger  of  displacement  by  dissection  is  done  away 
with.  Also  the  exact  time  at  which  the  larvce  begin  to  take  food 
is  easily  determined.  W^*^  animals  reared  under  normal  condi- 
tions (20**  C),  this  occurred  on  the  sixth  day  after  hatching  (Fig. 
1),  which  corresponds  with  the  time  of  rupture  of  the  stomodeal 
septum. 

This  series,  exposed  first  upon  the  sixth  day,  was  subjected  to  the 
X-ray  eight  times.  These  rays  had  no  effect  upon  development  or 
metamorphosis,  as  could  be  determined  by  comparison  with  control 
larvce. 

The  coil  of  the  small  intestine  increases  in  length  until  a  maxi* 
mum  is  reached  at  a  time  when  the  hind  legs  are  well  developed, 
but  not  yet  drawn  up  on  the  body  (earlier  than  Fig.  3).  The  short 
oesophagus  is  foUowed  by  the  stomach  and  duodenum,  which  lie  on 
the  extreme  right  side  and  dorsal  to  the  largo  coil.  The  rectum  lies 
on  the  left,  also  dorsal  in  position. 

As  Tung  and  Babak  bave  shovm  experimehtally,  the  extreme 
length  of  intestine  in  larvai  Anura  is  an  adaptation  to  the  plant- 
eating  habit — a  difference  of  68.15  per  cent  was  obtained  by  Babak 
('06)  in  the  length  of  intestine  of  two  sets  of  larvse,  one  fed  upon 
plants,  the  other  upon  meat.  As  Ratner  points  out,  the  TJrodeles 
are  meat  eaters  throughout  life,  and  in  Anura  this  plant-eating  habit 
is  secondary.  The  change  in  adult  Anura  to  meat  eating  and  the 
short  intestine  is  a  return  to  the  normal.  In  the  early  differentia- 
tion  of  the  alimentary  tract,  two  or  three  days  after  hatching,  the 
anterior  part  which  is  to  form  the  stomach,  lies  in  the  normal  position 
for  this  organ  in  Vertebrates,  on  the  left.     There  appears  to  be  a 
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passive  crowding  of  this  anterior  portìon  to  the  right  side  by  the 
rapid  differentiation  of  the  large  coil  from  the  posterior  yolk  mass. 
This  conclusion  seems  justified  from  experimental  work,  which  will 
he  described  later. 

When  the  coil  has  reached  its  maximum  length,  the  liver,  lying 
anteriorly  on  the  right,  is  very  small,  but  it  increaaes  rapidly  in  size. 
This  growth  of  the  liver  on  the  right,  plus  a  decrease  in  size  of  the 
intestinal  coil  on  the  left,  and  a  slight  growth  in  length  of  the 
stomach,  probably  combine  to  effect  the  interchange  in  position  of 
stomach  and  coil.  This  is  clearly  represented  in  the  X-ray  series, 
Figs.  3  to  10.  In  the  twenty-four  hours  immediately  foUowing 
the  breaking  through  of  the  fore  legs,  the  shortening  of  the  coil  is 
usually  completed  (Figs.  7-9)  and  stomach  and  coil  pass  each  other 
in  the  median  line  (Fig.  9).  At  the  time  the  tail  begins  to  shorten 
(usually  on  the  second  day),  the  change  has  as  a  rule  been  made 
(there  is  some  individuai  variation),  and  the  stomach  has  taken  the 
adult  positon  on  the  left  side,  the  reduced  coil  lies  on  the  right  (Fig. 
10).  This  transformation  of  the  intestine  is  described  by  Reuter 
and  Duesberg  as  occurring  in  Alytes  obstetricans  and  Rana  fusca 
before  the  breaking  through  of  the  fore  legs.  Reuter  says  the 
rectum  changes  position  slightly  or  not  at  ali  in  Alytes.  In  Bufo 
it  foUows  the  coil  from  the  left  to  the  right  side,  or,  in  some  cases, 
only  to  the  median  line.  It  becomes  shortened  and  widened.  Besides 
the  shortening  of  the  small  intestine,  there  is  also  a  marked  diminu- 
tion  in  the  diameter, — compare  Fig.  18  (before  reduetion  of  coil), 
and  Fig.  20  (after  reduetion),  noting  the  increase  in  thickness  of 
the  circular  and  longitudinal  muscle  layers. 

In  striving  to  get  a  full  bismuth-X-ray  series,  extending  through 
this  criticai  change  of  shortening  and  narrowing,  it  was  incidentally 
determined  at  exactly  what  time  the  larvae  stop  feeding  in  prepara- 
tion  for  the  renewal  of  the  intestinal  epithelium.  Figs.  11  to  13 
indicate  that  feeding  continues  to  the  day  before  the  appearance  of  the 
fore  legs.  At  the  time  when  the  fore  legs  break  through,  X-ray  plates 
of  many  different  series  show  that  the  bismuth  has  been  eliminated 
from  the  rectum  (except  in  a  few  cases,  as  Fig.  14).  Although  the 
normal  food  seems  to  be  not  so  freely  eliminated  as  the  bismuth. 
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the  examination  of  a  large  number  of  alcoholic   specimena  was 
required  before  the  tadpoles  in  Figs.  7-10  were  found.  C 

After  the  appearance  of  the  fore  lega  and  the  coincident  shortening 
and  narrowing  of  the  intestine,  there  remains  one  more  marked  change 
before  metamorphosis  is  completed,  the  absorption  of  the  tail.  This 
shortening  usually  begins  about  48  hours  after  the  fore  legs  bave  come 
through  and  is  completed  in  from  2  to  4  days.  Feeding  is  resumed 
on  the  third  or  fourth  day  after  metamorphosis  is  completed. 

MlCEOSCOPIC  ClIANOES. 

I.  Historical.  As  stated  in  the  introduction,  there  bave  been  but 
three  papers  on  the  modification  of  the  intestine  of  Anura  during 
metamorphosis, — ^those  of  Ratner,  '91,  Eeuter,  '00,  and  Duesberg,  '06. 

Ratner's  work  does  not  consider  the  epithelial  changes;  it  is  con- 
cerned  with  the  subepithelial  layers.  Eeuter,  using  Alytes  obstet- 
ricans,  and  Duesberg,  working  with  Rana  fusca,  disagree  on  the  main 
points  of  the  prooess. 

Reuter  recognizes  that  the  epithelium  of  young  larvss  is  composed 
of  two  forms  of  oells,  first,  cylindrical,  and  second,  basai  round  oells, 
the  latter  relatively  few  in  number.  These  "round  cells"  show  fine 
granular  contents  and  might  he  mistaken  for  leucocytes.  During  de- 
generation of  the  epithelium  they  become  more  numerous,  large  and 
may  be  multinucleate.  They  contain  great  masses,  food  sub- 
stanoe  in  process  of  absorption,  which  are  colored  brown  with  Flem- 
ming.  He  considers  them  special  absorbing  cells.  Somewhat  later 
"giant  cells"  appear,  also  basai  in  position  and  multinucleate,  and 
differing  from  the  "round  cells"  only  in  not  having  the  brown  masses 
and  in  their  fate.  Reuter  claims  that  both  round  and  giant  cells 
originate  by  amitosis  from  the  cylindrical  epithelium. 

At  the  beginning  of  metamorphosis  the  larvse  stop  feeding,  the 
round  cells  receive  from  the  cylindrical  cells  the  last  absorbed  food, 
but  they  do  not  pass  it  on  into  the  lymph  channels, — ^they  cease  secret- 
ing,  become  overloaded,  die,  and  with  the  degenerating  cylindrical 
cells  are  cast  off  into  the  lumen  when  shortening  of  the  intestine 
occurs.  The  giant  cells  remain,  gain  the  ability  to  divide  mitoticaily, 
and  form  the  definitive  epithelium. 


Digitized  by 


Google 


268  Mary  A.  Bowers. 

Duesberg  describes  the  epithelium  of  the  coi!  at  a  time  before  the 
appearance  of  the  hind  legs^  as  composed  of  principal  cells  and^  be- 
tween  their  proximal  ends,  scattered  basai  cells.  Later,  as  the  hind 
legs  appear,  other  basai  elements  are  noticed^  which  clearly  cor- 
respond  to  Eeuter's  round  celi.  Vacuoles  and  granules  appear  in  the 
protoplasma  neighboring  cells  become  confluent  and  form  a  single 
celi,  the  brown  masses  become  more  numerous,  the  nuclei  go  through 
chromatoljsis,  and  the  final  stage  in  this  process  is  the  typical  '^round 
celi."  These  cells  present  none  of  the  characteristics  of  active  ab- 
sorbing  cells,  on  the  contrary  they  show  marked  degenerative  phe- 
nomena.     They  are  cast  off  as  described  by  Keuter. 

Duesberg  figures  the  definitive  epithelium  as  forming  from  the 
basai  cells  of  the  larvai  epithelium,  which  are  at  first  not  distinguished 
by  any  peculiar  structure,  but  later  show  the  characteristics  of 
Eeuter's  "giant  cells."  He  has  not  seen  in  any  of  his  preparations  the 
f  ormation  of  round  or  of  giant  cells  by  amitotic  division  of  the  prin- 
cipal cells. 

My  conclusions,  which  agree  in  the  main  points  with  those  of  Dues- 
berg, were  f ormed  independently  before  the  reading  of  his  paper. 

II.  Description.  The  histological  differentiation  of  the  small 
intestine  of  Bufo,  i.  e.,  the  degeneration  and  regeneration  of  the 
epithelium,  takes  place  progressively  from  the  anterior  to  the  posterior 
end.  Therefore,  for  cleamess  of  comparison  in  successive  stages,  one 
particular  r^on  has  been  selected  for  description,  the  duodenum 
near  the  entrance  of  the  bile  duct,  and  ali  figures  except  16  and  44 
are  from  this  legion  of  the  intestine. 

At  the  time  of  iiatching  the  stomodeum  and  proctodeum  are  already 
formed  and  the  rest  of  the  alimentary  canal  is  a  mass  of  yolk,  through 
the  dorsal  portion  of  which  runs  an  irregular  lumen.  Anteriorly,  ex- 
tending  back  to  the  level  of  the  pronephros,  the  lumen  is  definite,  and 
in  the  dorsal  and  lateral  walls  may  be  distinguished  scattered  nuclei 
and  very  f  aint  irregular  celi  walls. 

Fig.  22,  five  days  after  hatching,  shows  the  earliest  differentia- 
tion of  the  duodenal  epithelium  into  a  definite  layer  of  columnar  cells. 
The  celi  walls  are  very  faint,  the  ciliated  border  is  not  formed,  the 
cells  are  solidly  packed  with  yolk  spherules  and  often  contain  two 
nuclei. 
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The  stomodeal  septum  is  usuallj  broken  through  on  the  sixth  day 
(larvffi  11  mm.  long).  On  the  seventh  day  the  coil  is  completelj 
formed  and  fills  the  whole  ventral  part  of  the  abdominal  cavity. 
Figs.  23  to  25  show  this  stage  in  cross  section.  There  is  a  low, 
ciliatedy  columnar  epithelium^  having  large  nuclei  at  the  proximal 
end.  The  yolk  is  mostly  absorbed,  only  an  occasionai  celi  being  well 
packed  with  small  spherules.  Rarely  one  finds  a  basai  celi  (Figs.  23 
and  24)  9  and  in  the  distai  border  a  mitotically  dividing  celi  (Fig. 
25).  The  sub-epithelial  tissue  forms  a  very  delicate  layer.  Figs. 
26  to  31  (two  weeks  after  hatching)  show  the  ciliated  columnar 
epittelium  thrown  into  folds.  Many  mitotic  figures  appear  at  the 
bases  of  the  folds.  These  cells  as  a  rule  are  clearer  than  tjiose  that 
form  the  folds, — ^their  appearance  is  suggestive  of  special  activity, 
perhaps  of  a  grandular  character.  Bataillon  ('91)  noticed  in  the 
epithelium  of  Alytes  obstetricans,  "a  curious  localization  of  karyo- 
kinetic  figures"  at  the  bases  of  the  folds.  He  suggests  that  perhaps 
the  irritation  of  compression  causes  activity  at  these  points. 

Figa.  26,  27  and  28  show  resting,  spireme  and  anaphase  stages  of 
basai  cells,  the  first  differentiation  of  the  giant  cells  of  Eeuter  and 
Duesberg.  This  stage  is  characterized  by  many  mitotically  dividing 
cells  in  the  distai  zone  of  the  epithelium  (Figs.  29  to  31).  A  few 
round  cella  appear  (Fig.  31). 

Fig.  32  (three  weeks  after  hatching)  again  shows  the  activity  and 
relative  deamess  of  the  protoplasm  of  cells  at  the  base  of  a  fold.  The 
other  cells  are  well  fiUed  with  f  at,  stained  black  with  Flemming.  Figs. 
32  and  33  were  made  from  larvse  which  correspond  approximately 
to  individuala  I  and  II  of  Fig.  2,  the  hind  legs  having  appeared. 

Hiatolysis.  For  the  sake  of  clearness  the  histolytic  phenomena 
which  now  begin  to  appear  in  a  marked  degree,  will  be  foUowed 
through  succeeding  stages;  histogenesis  will  be  considered  later,  al- 
though  the  two  processes  go  on  side  by  side.  Figs.  18  and  35  to  37  are 
cross  sections  of  No.  Ili,  Fig.  2.  The  cytoplasm  stili  shows  the  fine 
mottled  appearance  of  the  preceding  stages,  only  rarely  (Fig.  34) 
showing  small  vacuoles  and  products  of  degeneration,  brown  and 
yellow  granules  (Delafield  and  eosin  stain).  Fig  34  shows  also  one 
of  the  many  "round  cells"  which  bave  now  made  their  appearance. 
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It  Ì8  filled  with  degenerating  material.  Ita  nucleus,  like  those  of  the 
columnar  cells,  shows  an  early  stage  of  chromatolysis.  There  is  a 
pale  nuclear  groundwork,  the  chromatin  is  in  deeply  stained  clumps, 
the  membrane  is  slightly  thickened  and  is  beginning  to  be  ìrregular 
in  outline.  The  structure  marked  eh.  appears  to  be  a  mass  of 
chromatin  in  an  early  stage  of  degeneration  (compare  Figs.  38 
to  41,  showing  later  stages  of  chromatolysis).  The  chromatin  must 
undergo  chemical  change,  for  increasi  ngly  large  areas  fail  to  take 
the  hsematoxylin.  These  unstained  areas,  in  a  later  stage,  are  filled 
with  small  yellow  granules,  and  in  a  final  stage  the  whole  mass  has  a 
clear  straw  color  (Delafield  and  eosin  stain). 

Figs.  35  to  37  show  the  characteristic  appearance  of  the  cells  at 
this  stage  (No.  Ili,  Fig.  2).  There  appears  to  be  fragmentation 
of  the  nuclei,  also  a  breaking  down  of  celi  walls  and  a  dumping  to- 
gether  of  nuclei  (Fig.  37). 

No.  V  (Fig.  2)  has  pushed  one  fore  leg  through.  Feeding  has 
ceased,  the  muscular  contraction  is  pronounced  (see  Figs.  19  and 
42  for  cross  sections).  The  cytoplasm  has  now  become  vacuolar,  and 
throughout  the  cells  are  scattered  globules  and  granules  of  brown, 
yellow  and  black  degenerating  substance.  The  nuclei  bave  become 
more  irregular. 

In  No.  VI,  Fig.  2  (both  fore  legs  through,  tail  not  absorbed),  con- 
traction has  been  completed  and  the  organs  of  the  alimentary  tract 
are  in  their  adult  pòsition  (Figs.  20  and  43).  Degeneration  of  the 
old  cells  is  nearly  completed,  the  celi  walls  bave  become  indistinct, 
the  cilia  bave  disappeared. 

Marcelin  ('03)  in  bis  tabulation  of  the  histogenetic  changes  of  the 
intestinal  epithelium  of  Eana  esculenta,  shows  that  the  disappearance 
of  the  cilia  occurs  at  the  time  when  the  intestine  is  at  its  maximura 
length,  that  is,  relati vely  much  earlier  than  in  Bufo.  He  believes  that 
the  reason  for  this  disappearance  of  the  cilia  is  to  be  found  in  the 
fact  that  their  function,  the  propelling  of  the  food,  is  now  usurpcd 
by  peristaltic  contraction  of  the  muscles,  which  bave  grown  stronger. 
In  Bufo  the  cilia  remain  throughout  the  larvai  life,  although  there 
is  a  strong  peristaltic  movement,  even  in  very  young  larvae. 

Figs.  16  and  44  (from  the  posterior  end  of  the  sraall  intestine  of 
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No.  VII,  Fig.  2)  show  the  appearanoe  of  the  final  stage  of  degenera- 
tion of  the  eolumnar  and  round  cells  and  the  manner  in  which  they 
are  pinched  off  into  the  lumen  when  the  final  muscular  contraction 
occurs.  The  debris  is  given  off  through  the  anus.  Duesberg  suggests 
that  some  of  it  may  be  absorbed  as  nourishment 

Histogenesis.  At  the  stage  represented  by  No.  Ili  (Fig.  2)  many 
giant  cells  can  be  distinguished  in  the  duodenum  (Figs.  18  and  35 
to  37).  Owing  to  the  fact  that  a  giant  celi,  as  it  now  becomes  active, 
takes  a  diffuse  deep  blue  stain,  with  hsematoxylin,  it  can  be  easily 
distinguished,  even  when  it  has  but  one  nucleus,  and  more  readily 
when  there  bave  been  repeated  mitotic  divisions  and  a  syncytium 
or  a  cyst  has  been  formed   (Fig.   18,  g.  e).     Figs.  35,  86  and 

42  show  stages  in  the  formation  by  mitosis  of  the  syncytium  and  the 
characteristic  appearance  of  the  nuclei,  large  and  plump,  with  fine 
chromatin  network  and  large  nucleolus.  These  nuclei  and  the  small 
amount  of  deeply  staining  cytoplasm  in  which  they  are  irregularly 
massed  (Fig.  42)  soon  form  a  cyst,  a  hollow  sphere,  which  breaks 
open  on  the  side  toward  the  lumen  of  the  alimentary  tract  (Fig.  43). 
This  condition  corresponds  to  that  found  in  Alytes  obstetricans.  In 
Rana  fusca  the  developing  epithelium  does  not  go  through  a  cyst 
stage, — ^the  syncitia  appear  as  scattered  patches  of  new  epithelium, 
which  meet  and  fuse  when  contraction  occurs.  This  broken  cyst 
opens  more  widely  (Fig.  44),  and  at  the  same  timo  the  nuclei  become 
oriented,  with  their  long  axes  parallel  to  one  another.  Celi  walls 
appear  and  a  cuticular  border  is  formed.  Eventually  these  isolated 
crypts  of  new  epithelium  become  joined  edge  to  edge  (Fig.  16)  ; 
thus  the  continuous,  definitive  epithelium  is  formed  (Figs.  17  and 
46).  As  the  process  of  histogenesis  is  progressive  from  stomach  to 
rectum,  it  was  possible  to  find  these  two  last  stages  (Figs.  44  and 
45)  in  the  same  individuai  (No.  VII,  Fig.  2). 

The  new  epithelium  forms  much  earlier,  in  comparison  with  the 
progress  of  degeneration,  in  Bufo  than  in  Alytes   (compare  Fig. 

43  with  Reuter's  Fig.  38). 

This  account  of  the  histological  changes  which  occur  in  Bufo 
agrees,  I  believe,  in  the  main  with  that  given  by  Duesberg  for  Rana 
fusca.    It  has  been  limited  chiefly  to  a  statement  of  the  f acts,  because 
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the  argunients  bave  already  been  fully  set  forth  by  him,  also  because 
it  is  believed  that  the  figures  given  in  this  paper  offer  their  own 
argument 

'  It  is  probable  that  the  significance  of  the  histolytic  and  r^enera- 
tive  phenomena  which  bave  been  described  in  the  three  Anurans, 
Alytes  obstetricans^  Rana  f usca^  and  Bufo  lentiginosus,  will  be  more 
clearly  seen  when  more  extended  work  has  been  done  upon  other 
forms,  upon  amphibia  in  generai 

It  appears  from  the  comparative  work  which  has  already  been 
done  that  in  the  tadpole  of  Anura  we  bave  »merely  a  temporary  adap- 
tation,  and^  as  in  the  case  of  the  larvse  of  those  insects  which  undergo 
complete  metamorphosis^  that  these  conditions  bave  no  phylogenetic 
significance. 

EXPEEIMBNTAL  WOBK. 

I.    Mechanics  of  the  early  differentiation  of  the  alimentary  canal. 

Text  figure  A  shows  the  successive  changes  which  had  occurred  in 
one  individuai  of  Rana  palustris  by  the  second,  third,  fourth  and 
sixth  days  after  hatching.  Rana  palustris  was  used  because  the  lack 
of  pigmentation  at  this  stage  allows  one  to  see  clearly,  without  dìs- 
section,  the  changes  in  the  alimentary  tract.  Dissection  of  different 
individuai  of  Bufo  on  successive  days  indicates  that  the  changes  are 
the  same  as  in  Rana  palustris. 

Téxt  figure  A^  I,  shows  the  oesophagus,  stomach,  anterior  part  of  the 
duodenum  and  the  rectum  formed;  th©  rest  of  the  tract  is  an  un- 
differentiated  mass  of  yolk  from  which  the  coil  will  be  formed.  The 
stomach  lies  on  the  left  side,  in  the  normal  adult  position.  Further 
growth,  i.  e.,  differentiation  of  the  coil,  takes  place  in  the  region 
marked  x,  and  because  of  this  vigorous  growth,  the  stomach  and  duo- 
denum are  crowded  into  the  temporary  larvai)  position  on  the  right. 
Theoretically  this  transfer  from  the  left  to  the  right  side  would 
appear  to  be  due  to  a  passive  crowding,  not  to  an  active  movement  of 
the  anterior  part  of  the  digestive  tract,  for  the  cellular  structure  of 
this  region  is  already  laid  down  in  the  stage  shown  in  I. 

To  test  experimentally  this  question  of  crowding,  that  is,  whether 
the  stomach  would  remain  on  the  left  if  the  coil  did  not  usurp  its 
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place^  a  amali  cut  was  made  through  the  abdominal  wall  of  several 
Bufo  larvse,  one  day  after  hatching.  In  some  cases  these  healed  so 
rapidly  that  development  went  on  normally,  but  in  several  indi- 
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A.     Rana  palustris.     Ventral.    X 

I.    Two  days  after  hatching. 

II.    Three  days  after  hatching. 

III.  Four  days  after  hatchlDg. 

IV.  Six  days  after  hatching. 

e,  coil;  dm.,  duodennm;  oe.,  oesophagus;  rect,  rectum;  st,  stomach;  x., 
point  at  which  the  dlfferentiatlon  of  coil  from  yolk  mass  takes  place. 


viduals  as  the  coil  developed  it  pushed  through  the  opening  in  the 
body  wall,  forming  a  hemia  outside  the  body.  In  these  cases  the 
stomach,  which  was  not  crowded  by  the  coil,  remained  on  the  lef  t. 
Of  these  individuals  none  lived  over  four  days. 
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II.  Carmine  injection  test  for  leucocytes, 

Eeiiter  spcaks  of  the  superficial  resemblance  of  the  round  cells  of 
the  epithelium  to  the  round  cells  of  the  blood,  viz.,  the  leucocytes. 
Bizzozero  ('02)  and  others  ha  ve  considered  them  to  be  leucocytes, 
but  Eeuter  strongly  maintains  that  the  two  should  not  be  confused, 
— those  of  the  epithelium  arise  as  epithelial  cells  and  remain  epi- 
thelial  cells  throughout  life.  He  says  that  they  may  migrate  to 
the  outer  zone  of  the  epithelium  and  undergo  division. 

The  round  cells  of  Bufo  do  not  bave  the  appearance  of  leucocytes, 
and  as  they  are  degenerating  cells,  it  is  improbable  that  they  migrate 
to  the  distai  zone  and  divide.  It  was  not  possiblo  to  identify  as 
leucocytes  the  numerous  mitotically  dividing  cells  of  the  distai  zone 
(Figs.  29-31),  in  fact  none  were  distinguished  in  the  epithelium. 

To  test  their  presence,  and  to  determine,  if  possible,  whether  phago- 
cytosis  plays  any  part  in  the  histolysis  of  the  epithelium,  the  method 
employed  by  Mercier  ('06)  in  bis  study  of  phagocytosis  in  the  tail 
of  Rana  temperarla,  was  tried.  Mercier  injected  powdercd  sterilized 
carmino  into  the  dorsal  lymph  sacs  of  tadpoles,  and  the  animals  were 
killed  24  hours  later.  Ile  found  that  the  leucocytes  had  taken  up 
the  Carmine  granules  and  wandered  with  them  into  the  muscular  tis- 
sue  of  the  tail.  It  was  hoped  that  leucocytes  might  be  traced  by  this 
method  into  the  degenerating  epithelial  tissue  of  the  intestine. 

Tadpoles  just  ready  for  metamorphosis  were  etherized,  and  ster- 
ilized powdered  Carmine  was  injected  under  the  skin  of  the  back.  On 
the  first,  second  and  third  days  after  the  injection  tadpoles  were 
killed  in  corrosive-acetic,  stained  with  Delafield's  haematoxylin,  and 
imbedded  in  paraffin.  Several  series  bave  been  carefuUy  examined, 
with  but  negative  results  thus  far,  no  carmino  having  been  found 
in  any  of  the  layers  of  the  intestine. 

III.  Contraction  of  the  Intestine, 

Reuter  and  Ducsberg  refer  to  the  contraction  which  results  in  the 
shortening  and  narrowing  of  the  intestine  as  a  peristalsis,  moving  in 
a  cranio-caudal  direction.  Duesberg  states  that  this  peristaltic  con- 
traction is  like  true  peristalsis  with  the  exception  that  it  is  permanent. 
The   reduction    in   size   of   the    intestine,    he   saj's,    always    occurs 
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durìng  the  period  between  the  appearance  of  the  posterior  and  the 
anterior  limbs  and  takes  place  in  a  relatively  short  time.  According 
to  Reuter  48  hours  is  the  maximum  time  for  contraction  in  Alytes 
obstetricans. 

Bufo,  at  a  stage  corresponding  to  No.  I  (Fig.  2),  often  has  a  mid- 
ventral  longitudinal  strip  of  the  body  wall  which  is  free  from  pig- 
ment.  Beneath  this  unpigmented  area  the  normal  peristaltic  move- 
ment  of  the  intestine  can  be  clearly  seen.  The  food  is  pushed  toward 
the  anus  by  the  typical  slow,  rhythniic,  wavelike  contraction.  Older 
larvae,  in  which  the  whole  ventral  surface  was  deeply  pigmented,  were 
etherized,  a  longitudinal  cut  was  made  in  the  ventral  body-wall,  and 
they  were  then  placed  in  normal  salt  solution.  The  normal  successive 
contraction  and  expansion  was  observed  as  before.  Many  series  of 
tadpoles,  corresponding  to  the  different  stages  represented  in  Fig. 
2,  were  examined  by  means  of  this  method. 

Among  one  lot  of  especially  large  strong  tadpoles,  two  individuals 
were  found  whose  whole  bodies  remained  abnormally  free  from  pig- 
ment  throughout  their  development.  The  intestina!  movement  could 
thus  be  observed  without  opening  the  body  cavity.  These  two  tad- 
poles were  etherized  and  observed  daily  until  the  end  of  meta- 
morphosis,  one  individuai  for  a  week,  the  other  for  twelve  days. 

In  no  case  was  anything  like  a  "permanent  peristalsis"  observed. 
The  records  obtained  from  the  unpigmented  individuals  show  that 
the  contraction  of  the  coil  is  a  slow  process,  extending  over  the  week 
or  ten  days  previous  to  the  appearance  of  the  fore  legs.  I  should 
say  that  X-ray  photographs  of  the  same  individuai  on  successive  days 
also  prove  this  to  be  tnie. 

From  observation  of  gross  conditions,  the  shortening  and  narrow- 
ing  of  the  intestine  in  Bufo  would  appear  to  be  accomplished  by  a 
very  graduai,  even  contraction  of  ali  the  musclcs,  longitudinal  and 
circular,  of  the  intestina!  wall. 

Bataillon  ('91)  ascertained  by  the  measurement  of  dissociated 
muscle  fibres,  that  their  contraction  corresponds  exactly  to  the  total 
shortening  of  the  intestine. 

Although  individuai  variation  occurs,  this  slow  contractìou  of  tlie 
coil  has,  as  a  rule,  been  completed  at  the  end  of  the  first  day  after 


Digitized  by 


Google 


276  Mary  A.  Bowers. 

the  breaking  through  of  the  fore  lega.  In  two  individuals,  opened 
at  thìs  stage^  the  reduoed  intestine  was  observed  to  move  slowly  and 
steadily,  but  without  visible  action  of  the  muscles  of  the  alimentary 
tube,  from  its  larvai  position  on  the  left  to  ita  adult  position  on  the 
right.  The  loop,  which  had  traveled  aerosa  the  body,  then  made  a 
doublé  coil. 

It  is  not  possible  to  draw  conclusions  with  certainty  from  the 
observation  of  two  cases,  but  this  whole  movement  appeared  to  be 
due  to  contraction  of  the  mesentery;  the  intestine  seemed  to  be 
passive.  The  mesentery  usually  contains  a  large  amount  of  pigment. 
The  fact  that  aggregations  of  pigment  are  often  found  on  the  ali- 
mentary tube  after  it  has  passed  to  the  right  side  of  the  body,  and 
not  before,  would  seem  to  add  evidence  to  the  view  that  the  contrac- 
tion of  the  mesentery  is  the  agent  in  this  movement 

Bataillon  has  tested  experimentally  the  question  whether  the  modi- 
fications  of  the  coil  are  localized.  He  curarized  tadpoles  several 
days  before  the  appearance  of  the  anterior  legs,  opened  the  abdominal 
cavity  and  marked  equal  distances  on  the  small  intestine  by  means 
of  fine  pieces  of  silk  thread,  which  were  held  in  place  by  the  mesen- 
tery. The  cavity  was  then  closed  and  the  animals  soon  recovered.  At 
the  end  of  metamorphosis  examination  showed  that  the  modifications 
are  not  localized,  except  that  the  shortening  is  slightly  more  marked 
at  the  summit  of  the  coiL 

The  cause  of  the  contraction  of  the  intestine  may  be  involved  in 
the  puzzling  question  of  metamorphosis,  which  has  never  been  satis- 
factorily  answered,  although  many  interesting  theories  bave  been 
advanced. 

Eeuter  suggests  that  the  contraction  of  the  intestinal  muscles  is 
perhaps  in  responso  to  a  stimulus  derived  from  the  degenerating 
epithelial  cells.  In  Bufo  the  first  appearance  of  epithelial  degenera- 
tion and  the  b^inning  of  the  slow  muscular  contraction  are  coin- 
cident,  and  they  may  be  causally  related.  Bataillon  holds  that  the 
changing  conditions  of  respiration  and  circulation  which  result  in 
partial  asphyxiation,  are  the  causes  of  metamorphosis.  This  could 
hardly  be  the  cause  of  the  contraction,  since  epithelial  degeneration 
and  muscular  contraction  begin  several  days  before  these  changes 
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in  respiration  and  circulation  take  place.  Likewise  thej  are  initiated 
bef ore  there  is  anj  change  in  the  f eeding  habits.  It  appears  probable 
that  the  muscular  contraction  is  in  some  way  dependent  upon  the 
epithelial  condition,  perhaps  both  chemical  and  mechanical  ohanges, 
whioh  accompany  degeneratioh. 

Why  the  degeneration  of  ali  but  the  giant  oells  of  the  larvai 
epithelium  should  take  place  seems  to  me  to  be  a  question  of  life 
cycles,  which  cannot  be  answered  until  we  know  more  of  the  laws 
of  growth  and  senescence.  Mj  observations  of  the  histological  con- 
ditions  of  the  Bufo  larva  lead  me  to  believe  that  there  is  an  early 
differentiation  of  the  two  sets  of  epithelial  cells,  one  set,  the  principal 
and  round  oells,  destined  to  f  unction  through  the  larvai  existence,  to 
run  ita  whole  life  cycle  within  six  or  eight  weeks,  the  other,  the  giant 
cella,  becoming  active  only  after  a  latent  period  of  four  or  five  weeks, 
and  functional  as  absorbing  and  secreting  cells  only  after  meta- 
morphosis  is  completed. 

SUMMABY. 

I.  Between  the  time  of  hatching  and  the  end  of  metamorphosis 
the  alimentary  tract  of  Bufo  undergoes  striking  changes,  both  macro- 
scopic  and  microscopie 

IL  The  macroscopic  changes  consist  of: 

1.  The  differentiation,  from  the  posterior  part  of  the  yolk  mass, 
of  a  huge  intestinal  coil,  which  crowds  the  stomach  and  duodenum 
to  the  right  side  of  the  body. 

2.  This  intestinal  coil  reaches  its  maximum  size  at  a  time  when 
the  hind  legs  are  well  developed,  but  not  yet  drawn  up  on  the  body. 

3.  A  graduai  shortening  and  narrowing  of  the  intestine  then  takes 
place,  by  means  of  a  slow,  even  contraction  of  the  longitudinal  and 
circular  muscles.  This  contraction  oceurs  during  the  week  or  ten 
days  previous  to  the  breaking  through  of  the  foro  legs  and  is  usually 
completed  in  the  following  24  hours. 

4.  With  the  completion  of  the  intestinal  reduction  the  stomach 
resumes  its  originai  position  on  the  left,  and  the  intestine  moves,  ap- 
parently  by  means  of  contraction  of  the  mesentery,  to  its  adult  posi- 
tion on  the  right 
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III.     Miscroscopic  changes  ; 

1.  From  earliest  differentiation  of  the  larvai  epitheliiim  two  kinds 
of  cells  may  be  distinguished,  the  principal  cells  and  the  basai  gìant 
cells. 

2.  The  principal  cells  form  the  temporary,  larvai  epithelium. 
Degenerative  phenomena  begin  to  appear  in  these  cells  about  two 
weeks  before  the  breaking  through  of  the  fere  legs;  they  are  coin- 
cident  with  the  shortening  and  narrowing  of  the  intestine. 

3.  As  degeneration  begins  in  the  principal  cells,  the  giant  cells 
become  active,  increase  in  size,  divide  mitotically,  and  form  syncitia. 

4.  These  syncitia  form  cysts,  hollow  spheres.  The  nuclei  then 
become  oriented,  their  long  axes  radiating  from  the  center,  and  celi 
walls  form,  making  a  single  layer  of  columnar  epithelium. 

5.  The  cysts  break  open  on  the  side  toward  the  degenerating 
epithelium,  unite  with  each  other  and  form  the  definitive  epithelium. 

6.  With  the  final  muscular  contraction,  the  degenerating  epithelium 
is  pinched  off  into  the  lumen  of  the  alimentary  tract  and  eliminated 
through  the  anus. 
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LIST  OF  ABBREVIATIONS. 
b.  e,  Basai  celi, 
e,  Coli. 

eh.,  Chromatin. 

d.  e.,  Degenera ting  eplthelium. 
e.,  Eplthelium. 
g.  e,  Giant  celi, 
m.,  Mitosis. 
ma.,  Muscles. 
n.,  Nucleus. 
n.  e.,  New  eplthelium. 
p.  e,  Principal  celi, 
r.,  Rectum. 
r.  e,  Round  celi, 
st.,  Stomach. 
vac,  Vacuole. 
y.  g.,  Yellow  granules. 
y.  8.,  Yolk  spherules. 
z.,  Detail  shown  in  Fig.  22. 

Plath  I. 

Fio.  1.  X-ray  photographs.  Four  tadpolee,  sixth  day  after  hatching.  The 
intestinal  coli  filled  with  subnitrate  of  bismuth.    Dorsal  view. 

Fio.  2. — Photograph.  Seven  stages  in  the  deyelopment  of  the  tadpole,  from 
3  weeks  after  hatching  to  3  days  after  the  appearance  of  the  fore  lega. 
Ventral  vlew. 

FiGS.  3-10.— X-ray  photographs.  Stages  In  the  development  of  the  tadpole 
alimentary  tract,  from  about  10  days  before  to  2  days  after  the  appearance  of 
the  fore  legs.  Alcoholic  material.  Normal  food  in  the  alimentary  tract 
Ventral  view. 

Fios.  11-15. — X-ray  photographs.  Living  material.  Subnitrate  of  bismuth 
in  the  alimentar}'  tract.  The  same  indlTidual  photographed  on  June  lOth 
(Fig.  11),  June  14th  (Fig.  12),  June  15th  (Fig.  13),  June  16th  (Fig.  14). 
just  after  the  appearance  of  the  fore  legs,  June  16th  (Fig.  15),  a  few  houra 
later  than  Fig.  14.    Ventral  view. 

Fio.  16.  Photomicrograph.  Gross-section  of  the  posterior  part  of  the 
intestine  of  No.  VII,  Fig.  2.    Detail  (ne)  shown  in  Fig.  44.     x  1^- 

Fio.  17.  Photomicrograph.  Gross-section  of  the  duodenum  of  No.  VII,  Fig. 
2.  Detail  shown  in  Fig.  45.    X  165. 
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Platb  II. 

FiG.  18.  Photomlcrograph.  Cross-section  of  the  duodenum  of  No.  Ili,  Fig. 
2.     X  165. 

Fio.  19.  Photomlcrograph.  Cross-section  of  the  duodenum  of  No.  V,  Fig. 
2.     X  165. 

Fio.  20.  Photomlcrograph.  Cross-section  of  the  duodenum  of  No.  VI,  Fig. 
2.    X  165. 
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Flati  III. 

Fio.  21.  Cross-Bection  of  Bufo  tadpole,  at  the  leyel  of  the  pronephros,  5 
days  after  hatchlng.    Detail  (z)  shown  in  Fig.  22.    X  80. 

Fio.  22.    Duodenum,  5  days  after  hatchlng.    Oross-section.     X  d90. 

Fios.  23-25.    Duodenum,  1  week  after  hatchlng.    Gross-section.    X  d90. 

FiGS.  26-31.    Duodenum,  2  weeks  after  hatchlng.    Gross-sectlon.    X  d90. 

Fio.  32.  Duodenum,  3  weeks  after  hatchlng  (llke  No.  I,  Flg.  2).  Gross- 
sectlon.    X  ©90. 

Fio.  33.  Duodenmn,  trom  a  tadpole  like  No.  II,  Flg.  2.  Gross-sectlon. 
X990. 

Fio.  34.  Duodenal  eplthellum  from  tadpole  No.  Ili,  Flg.  2.  Gross-sectlon. 
Mlcr.  Leltz.  oc.  4,  obj.  Im.  Vi«- 

FiGS.  35-37.    Duodenum.    Tadpole  No.  Ili,  Flg.  2.    Gross-sectlon.    x  990. 

Fios.  38-41.  Stages  of  chromatolysls.  Nuclei  from  duodenal  eplthellum  of 
tadpole  No.  IV,  Flg.  2.    Oc.  4,  obj.  Im.  Vx^ 
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Platb  IV. 

FiG.  42.    Duodenuin.    Tadpole  No.  V,  Fig.  2.    Cross-seotiou.     X  750. 

Fra.  43.  Duodenum.  Tadpole  No.  VI,  Flg.  2.  Detail  of  Fig.  20.  Cross- 
section.     X  750. 

Fra.  44.  Cross-sectlon  of  the  posterlor  part  of  the  small  intestine  of  tadpole, 
No.  VII,  Fig.  2.    Detail  of  Flg.  IG.     X  750. 

Fra.  45.  Duodenum.  Tadpole  No.  VII,  Fig.  2.  Detail  of  Fig.  17.  Cross- 
section.     X  612. 
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THE  PRESENT  STATE  OF  OUR  KNOWLEDGE  OF  THE  ODONATA  OF 
MEXICO  AND  CENTRAL  AMERICA 


The  completion  of  the  account'  of  the 
Odonata  in  the  Biologia  0 entrali' Americana 
and  the  rather  restrìcted  circnlation  which  the 
hook  muBt  enjoy,  owing  to  the  necessarily 
expensive  character  of  this  series,*  will  per- 
haps  justify  the  publication  in  Sgienob  of  a 
siunmary  of  the  main  resulta  obtained,  and  of 
a  comparìson  with  previous  work  done  in  this 
field. 

The  preparation  of  this  Tolume  successively 
undertaken  by  McLachlan,  of  London;  Hagen, 
of  Cambridge,  Mass.,  and  Karsch,  of  Berlin, 
and  successively  relinquished  by  each  of  them 
under  the  pressure  of  ill-health  or  of  other 
work,  was  entrusted  to  the  present  writer  in 
the  beginning  of  1899. 

The  material  on  which  it  is  based  was 
primarily  that  acquired  for  the  purpose  by 
Dr.  Godman,  editor  of  the  Biologia,  and  his 
associate,  the  late  Osbert  Salvin,  F.B.S.,  but 
thanks  to  the  directors,  curators  and  owners 
of  public  and  private  museums,  a  stili  larger 
series  of  specimens  has  been  available.  It  is, 
theref  ore,  a  great  pleasure  to  acknowledge  the 
aid  thus  rendered  by  the  Academy  of  Naturai 
Sciences  of  Philadelphia,  the  United  States 
National  Museum,  the  Museum  of  Compara- 
tive Zoology,  the  American  Museum  of  Nat- 
urai History,  the  Camegie  Museum  of  Pitts- 
burg, the  California  Academy  of  Sciences» 
the  Field  Columbian  Museum,  the  late 
Robert  McLachlan,  F.R.S.,  and  Messrs.  E.  B. 
Williamson,  C.  C.  Adams,  C.  C.  Deam,  J.  G. 

*"  Odonata,"  by  Philip  P.  Calvert,  forming 
pages  17-420,  v-xxx,  platea  II.-X.,  1  map,  of 
volume  Neuroptera,  Biologia  Cenirali-Amerioana, 
Edited  by  F.  Ducane  Godman,  F.R.S.,  etc,  Lon- 
don, 1901-8,  4to. 


l-»«_'U^J 


Needham,  H.  Kahl,  O.  S.  Westcott  and  R  A 
Smyth,  Jr. 

These  collections  contain  the  fruita  of  the 
field  labors  in  Mexico,  Central  America  and 
adjacent  territory,  both  norl£  and  south,  of 
Messrs.  A  Agassiz,  A.  Alfaro,  C.  F.  Baker, 
IL  S.  Barber,  O.  W.  Barrett,  J.  H.  Batty, 
l)r.  Berlandier,  P.  Biolley,  F.  Blancaneaux, 

A.  Boucard,  L  Bruner,  Burgdorf,  H.  K.  Bur- 
rison,  P.  P.  Calvert,  Merritt  Cary,  G.  C. 
Champion,  Chaves,  L  J.  Cole,  O.  F.  Cook, 
Collins,  Lieutenant  Couch,  J.  C.  Crawford,  Jr., 
G.  R.  Crotch,  C.  C.  Deam,  F.  Beppe,  C.  H. 
Dolby-Tyler,  Duboec,  A  Dugès,  G.  Eisen, 
H.  J.  Elwes,  Festa,  A  Forrer,  H.  Friihstorfer, 
G.  F.  Gaumer,  F.  D.  Godman,  P.  H.  Gold- 
smith,  R.  F.  Griggs,  the  Hassler  Expedition, 
R.  H.  Hay,  B.  Hepbum,  Professor  A  Heil- 
prin  (Expedition  of  the  Academy  of  Naturai 
Sciences,  Philadelphia),  Heyde,  J.  S.  Hine, 
M.  E.  Hoag,  C.  F.  Hoege,  L.  O.  Howard, 
H.  N.  Howland,  E.  Janson,  M.  Kerr,  C.  H. 
Lankester,  F.  L.  Lewton,  F.  E.  Lutz,  G.  F. 
Mathew,  W.  M.  Maxon,  J.  F.  McClendon, 
R.  E*  B.  McKenney,  McNeill,  N.  Miller,  A.  B. 
Nichols,  Palmer,  H.  Pittier,  Ribbe,  W.  Richard- 
son,  C.  W.  Richmond,  S.  N.  Rhoads,  G.  O. 
Rogers,  H.  Rogers,  O.  Salvin,  H.  de  Saussure, 
W.  Schaus,  Schild,  Schumann,  S.  C.  Schumo, 
Shakspear,  H.  E.  Smith,  F.  E.  Sumichrast, 
O.  Thieme,  W.  L.  Tower,  C.  H.  Townsend, 
J.  F.  Tristan,  M.  Trujillo,  C.  A  Uhde,  C.  F. 
Underwood,  F.  H.  Vaslit,  W.  H.  Vogel,  C. 
Werckele,  O.  S.  Westcott,  C.  H.  White,  E.  B. 
and  L  A.  Williamson,  H.  Wilson  and  Mrs.  E. 

B.  Williamson. 

In  consonance  with  the  general  pian  of  the 

"Rinlnnin.  iliA  wrirlr  ^Aola   nhipfflir  tvith   thft  flnfìfì- 
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includes  their  extra-limital  occurrenoe  also. 
The  adyance  in  knowledge  which  is  bere  re- 
cordcd  can  be  seen  from  a  comparison  with 
the  three  older  works  which  attempted  com- 
pleteness  at  their  respective  perioda.  (1)  The 
*'  Synopsis  of  the  Neuroptera  of  North  Amer- 
ica," by  Hermann  Hagen,  publisbed  by  the 
Smithsonian  Inatitution  in  1861  ;  (2)  the  same 
author's  "  Synopsis  of  the  Odonata  of  Amer- 
ica "  in  the  Proceedings  of  the  Boston  Society 
of  Naturai  Hisiory,  volume  XVIH.,  1876, 
which,  as  it  omits  the  LestinsB  and  Agrioninse, 
must  be  supplemented  for  these  subfamilies 
by  the  synopses  of  Baron  Edmond  de  Selys 
Longchamps  in  the  Bulletins  de  VAcademie 
Boy  ale  dee  Sciences  de  Belgique,  1866-77; 
and  (3)  the  "  Catalogne  of  Neuroptera  Odon- 
ata*' [of  the  world],  by  Mr.  W.  F.  Kirby, 
London,  1890.  This  comparison  is  set  forth 
in  the  foUowing  tables: 

TABIB  I. 

Skowing  the  Inorease  in  the  Numher  of  Species 
and  of  Looalities 


No.  of  Locallties  qnotod  from 


Author 


Hngen,  1861 
HageD,  1875,  and 
Seljs,  1861-77 
Kirby,  1890 
Calvert,  1901-8 


88  26;  15,(1) 

89  38'       ' 
219  20814410 


TABLE  II. 

Skotving  tJie  Increase  in  the  Numher  of  Reoords 


Nnmber  of  ReoorcU* 

Author             1     8     !    -S 

!  1  'Il 

1 

i 

1 

1 

1 

Ha^n,  1S61          i     77  ;     1 

2     4 

0 

0 

0 

lla^n,  1875,  and  1 

Selys,  1862-77  ■  120 

1 

10,  4 

1 

0 

15 

Calvert.  1001-8     ;i215 

27 

608   66   25 

237 

125 

'A  "record"  for  any  species  is  the  noting  of 


After  deducting  the  duplications,  the  total 
numher  of  species  now  known  for  Mexico  and 
Central  America  as  a  whole  is  293,  of  genera 

n. 

Only  ^ve  of  the  species  recorded  by  previous 
authors  bave  not  been  seen  by  the  writer — 
Paraphlehia  hyalina,  Argia  orichalcea,  Her- 
peiogomphus  boa,  Herpet  menetriesii  and 
Macromia  sp.,  the  last  known  only  in  the 
nymphal  stage.  Two  species,  Argia  càlida 
Hagen  and  A,  funéhris  Hagen,  are  known  only 
from  the  type  specimens. 

Synoptic  keys  are  giyen  to  the  genera  of  the 
six  sub-families  comprising  more  than  one 
genus  each  and  to  the  species  of  forty-five  of 
the  genera.  Two  genera  (Hesperagrion  and 
Metaleptohasis — ^both  Agrioninse)  and  eighty- 
one  species  haye  been  described  as  new. 

Except  in  these  eighty-one  species  and  in 
the  genus  Argia,  the  specific  descriptions  and 
the  figures  on  the  plates  are  limited  to  features 
unnoticed,  or  inaufficiently  or  incorrectly  de- 
scribed or  figured  in  the  preyious  literature, 
which  it  is  believed  has  been  cited  very  f ully. 
The  distribution  of  each  species  is  given  in 
detail;  the  numher  and  sex  of  the  specimens 
examined  and  the  collector's  name  are  stated 
after  each  locality.  To  give  the  fuUest  in- 
formation  on  such  topics,  the  first  of  the  two 
tables  in  the  introduction  comprises  an  alpha- 
betically-arranged  list,  by  countries,  of  ali  the 
localities  from  which  Odonata  are  represented, 
the  state,  altitude  and  temperature-zone  of 
each  locality,  the  date  of  collection,  the  col- 
lector's name,  and  of  ten  remarks  on  the  phys- 
ical  character  of  the  environment  or  the  pre- 
cise spot  where  the  insects  were  gathered. 

The  greater  part  of  the  nine  years  occupied 
in  the  preparation  of  this  work  has  been  con- 
sumed  by  the  gathering  and  tabulating  of 
yarious  characters — especially  those  of  the 
yeining  of  the  wings — ^which  haye  been  em- 
ployed  by  preyious  writers  to  separate  the 
genera,  or  which  seemed  to  lend  themselyea  to 
that  purpose.  These  data  (collected  without 
the  aid  of  derks  or  assistants),  numbering 
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of  ten  per  cent,  or  less  were  thereby  assumed 
to  be  of  sufficient  constancy  to  serve  as  generic 
characterSy  and  among  these  importance  was 
naturally  assìgned  to  those  ahowing  the  least 
degree  of  yarìability.  Many  of  the  specific,  as 
well  as  the  generic,  characters  employed  in  the 
work  rest  on  a  similar  basis.  At  the  same 
time  it  must  be  remarked  that  the  data  are 
not  sufficiently  numerous  for  any  one  species 
to  fumish  bases  for  mathematica!  formuhe. 
The  limitations  of  time  and  strength  and  in 
many  cases  also  tlie  available  material  f  orbade 
the  examination  of  more  than  twenty-five  or 
thirty  individuals  of  a  species,  bnt  not  inf re- 
quently  these  were  tabnlated  for  twenty-five 
different  characters,  which  in  the  case  of  the 
wind-details  were  noted  for  both  sides  of  the 
body  in  each  specimen.  Further  statement  of 
this  part  of  the  work  is  not  made  bere  nor  is 
it  more  than  hinted  at  in  a  large  part  of  the 
Biologia  volume  itself,  since  it  is  hoped  to 
publish  in  another  place  tables  of  the  percent- 
ages  obtained. 

Under  each  species,  where  poesible,  special 
attention  has  been  given  to  noting:  (1)  the 
color  changes  through  which  the  imago  passes 
from  the  time  of  transformation  to  the  final 
tints  of  old  age— which  has  been  done  for 
fifty-two  species,  the  most  estensive  changes 
being  perhaps  those  of  Hesperagrion  hetero- 
doxum  (pp.  103,  377  and  Piate  VI.,  Figs. 
1-6);  (2)  the  geographical  variations;  (3) 
the  individuai  variations  found  in  the  same 
locality.  Owing  to  the  conservative  attitude 
adopted  towards  species,  many  of  these  varia- 
tions (2)  and  (3)  will  doubtless  afford— indeed 
have  already  afforded  in  one  case — additional 
"  species  "  to  later  workers  in  this  field,  but  in 
these  days  one  may  perhaps  reply  to  criticism 
with  de  specielyus  dividendis  non  dispuiandum. 
In  the  matter  of  nomenclature  some  use  has 
been  made  of  trinomials,  in  the  sense  of  the 
American  Omithologists'  Union. 

The  areas  which  have  been  most  carefully 
examined  are  portions  of  the  Mexican  states 
or    territories    of    Tepic,    Jalisoo,    Guerrero, 


few  localities  in  Costa  Bica.  The  odonatolog- 
ically  unknown  area  in  Mexico  and  Central 
America  is,  therefore  much  greater  than  that 
which  has  been  investigated. 

Of  the  physical  data  which  have  yet  been 
brought  together,  only  those  on  temperature 
are  sufficiently  complete  to  enable  one  to  make 
a  naturai  division  of  Mexico  and  Central 
America  as  a  whole,  with  which  the  distribu- 
tion  of  the  Odonata  can  be  compared.  A  new 
map  showing  the  mean  annual  temperatures  of 
these  countries  has  been  compiled  on  the  basis 
of  previous  maps  and  more  recent  records  of 
meteorological  observatories,  and  is  included 
in  the  volume.  Classifying  these  temperatures 
into  groups  of  5**  C.  each,  there  are  obtained 
five  (or  sixf)  zones  whose  mean  annual  tem- 
peratures range  from  dO**  (or  more?)  C.  to 
less  than  10^  C.  The  second  table  in  the 
introduction,  a  systematic  list  of  the  species, 
gives  their  distribution,  inter  alia,  by  tem- 
perature-zones.  Incidentally  it  may  be  men- 
tioned  that  the  zone  of  25^-20^  C.  has  yielded 
the  greatest  number  of  species  of  dragonfiies 
and  the  greatest  number  of  endemie  species. 

As  may  be  gathered  from  the  foregoing,  the 
ecologica!  relations  of  these  insects  have  not 
been  fully  treated  in  the  Biologia,  but  many 
data  have  been  brought  together  in  a  separate 
paper*  dealing  with  the  composition  of  this 
Odonate  faima  and  ita  relations  to  tempera- 
ture, rainfall,  forest  areas  and  other  environ- 
mental  factors.  Two  ecologica!  topics,  how- 
ever,  are  incidentally  referred  to  in  the 
Biologia  volume  but  not  in  the  ecological 
paper:  Mimicry  and  the  Proportions  of  the 
Sexes. 

The  examples  of  mimicry  indicated  are: 
Paraphlehia  and  PaloBmnema  (page  133,  foot- 
note  :t);  Libellula  saivraia  croceipennie, 
Orthemis  ferruginea.  Libellula  foliata  and 
Paltothemis  lineatipes  (pp.  212,  292);  Dy- 
themia  cannacrioidee  and  Cannacria  species 
(p.  277)  ;  Rhodopygia  hoUandi  and  Erythemis 
hcematogastra  (pp.  319,  338)  ;  Plaiyplax  san- 

*  "  The  CompoBition  and  Ecological  Relations  of   ^ 
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guiniventris  and  Erythemis  peruviana  (pp. 
328,  334).  In  none  of  these  cases,  however, 
is  there  as  yet  any  evidence  for  or  against  the 
protective  value  of  these  resemblanoes. 

Proportions  of  the  Sexes, — 10,838  specimena 
bave  been  cited  in  this  work  from  Mexico  and 
Central  America  and  2,746  of  the  sanie  ape- 
cies  from  other  countries.  Of  the  10,838, 
7,165  are  males,  3,673  are  females.  That  these 
numbers  can  not  he  regarded  as  haying  any 
special  significance  may  be  seen  from  the  fol- 
lowing  oomparisons: 

A.  Forms  with  dissimilarly  colored  wings  in 
the  two  sexes,  males  the  more  conspicuous: 
Hetofrina  cruentata  266(7,  91$;  E,  vulnerata 
43  <f,  44  S;  F.  macropua  239  <f,  81  ?;  E.  infecta 
27cr,  27?. 


B,  Forms  with  uncolored  wings,  bodies  dis- 
similarly colored  in  the  two  sexe6:  Argia  ex- 
tranea  236  <f,  160?;  A.  pulla  414  cf,  53?;  A, 
lacrymans  7cf,  7?;  Uchnura  ramhuri  18  rf, 
27?;  /.  denticolUs  140  cf,  143?;  /.  demorsa 
44  cf,  57?;  Orthemia  ferruginea  196  cf,  76?; 
0.  levia  28  <f,  28?. 

C.  Forms  with  similarly  colored  wings  and 
bodies:  Megahprepua  ccBrulatua  42(7,  32?; 
Mecistogaeter  omatua  49  cf,  73?. 

It  is  more  likely  that  these  numbers  are  due 
to  the  accidents  of  collecting  than  that  they 
represent  the  proportions  of  nature. 

Philip  P.  Calveht 
UinvEHsiTT  oF  Pennsylvania 
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III.  CONTRIBUTIONS  TO  A  KNOWLEDGE  OF  THE 
ODONATA  OF  THE  NEOTROPICAL  REGION, 
EXCLUSIVE  OF  MEXICO  AND  CEN- 
TRAL AMERICA. 

By  Philip  P.  Calvkrt,  Ph.D., 
AssiSTANT  Professor  of  ZoOlogy,  University  of  Pennsylvania,  Phila- 

DKLPHIA,  Fa. 

In  the  collectìons  whìch  various  museums  loaned  to  me  for  study  as 
material  for  the  account  of  the  Odonata  lately  published  in  the  '^  Bio- 
logia Centrali -Americana,"  many  species  were  represented,  which  do 
not  form  part  of  the  Mexican-Central-American  fauna,  as  far  as  we 
know.  The  present  paper  deals  especially  with  these  species,  but  does 
not  pretend  to  give  a  complete  list  of  Neotropical  Odonata.  Different 
groups  have  been  treated  with  different  degrees  of  fulness  for  various 
reasons,  and  the  title  of  the  paper,  it  is  believed,  exactly  expresses  its 
scope.  Some  of  the  "Biologia"  records  also  have  been  repeated  in 
order  to  add  fiirther  infomiation  which  lay  outside  the  limitations  of 
that  group. 

The  largest  part  of  the  material  here  dealt  with  is  the  property  of 
the  Carnegie  Museum  of  Pittsburgh,  to  the  Director  of  which,  Dr.  W. 
J.  Holland,  I  am  indebted  for  the  opportuiity  of  studying  it.  Other 
parts  come  from  the  U.  S.  National  Museum,  thanks  to  Dr.  L.  O. 
Howard  and  the  late  Dr.  W.  H.  Ashmead  ;  from  the  Museum  of  Com- 
parative Zoology,  Cambridge,  Mass. ,  thanks  to  Mr.  Samuel  Henshaw  ; 
and  from  the  Academy  of  Naturai  Sciences  of  Philadelphia,  where  Dr. 
Henry  Skinner  has  given  me  the  freest  use  of  the  Odonate  collections. 
The  originai  sources  of  these  various  collections  are  given  below. 

In  the  citation  of  previous  literature  the  usuai  but  not  invariable 
rule  has  been  to  give  no  references,  if  Mr.  Kirby's  Catalogne  of 
Odonata  (1890)  quotes  ali  the  important  descriptions  of  a  given  spe- 
;ies.  If  some  later  work  deals  with  a  species  more  fully,  or  gives  the 
specific  bibliography  more  completely,  that  work  has  been  quoted. 

The  Comstock-Needham  terminology  of  the  wing-veins  has  been 
used,  but,  in  order  to  facilitate  comparisons  with  the  older  descrip- 
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tions,  the  Comstock-Needham  name  of  a  veìn  is  often  followed  by  the 
Selysìan  name  in  parentheses,  especially  in  the  first  part  of  the  paper. 
Finishing  this  manuscript  on  the  ève  of  departure  for  Central 
America,  it  is  a  pleasure,  as  well  as  a  duty,  to  acknowledge  the  kind- 
ness  of  Dr.  Holland  in  undertaking  the  burden  of  proof-reading,  which 
distance  renders  impracticable  for  the  author. 


The  principal  coUections  on  which  the  paper  is  based  are  : 

I .  ColUctions  tnade  in  the  northwestern  corner  of  the  Department 
of  Magdalenay  Colombia^  adjoining  Santa  Marta,  by  Mr,  and  Mrs, 
Herbert  H,  Smith,  between  March,  i8g8,  and  September,  igoi. 

Mr.  Smith  has  given  a  description  of  this  district  of  Santa  Marta,  with 
notes  on  the  localities,  in  the  BuUetins  of  the  American  Museum  of 
Naturai  History,  voi.  xx,  pp.  408-414,  1904.  From  these  notes  we 
extract  the  following  having  relation  to  the  Odonata  : 

*^ Sonda:  Village  on  the  river  Manzanares,  seven  miles  east  of 
Santa  Marta.  This  was  our  headquarters  during  the  greater  part  of 
our  stay  in  Colombia.  The  village  itself  is  only  150  feet  above  sea- 
level,  but  most  collections  were  made  in  somewhat  higher  land.  The 
country  is  hilly,  covered  in  great  part  with  dry  forest  with  intervals  of 
open  grass  land  on  the  ridges.  A  thin  line  of  mountain  forest  adjoins 
the  river. 

"  Cacagualito  :  Plantation,  twenty  miles  east  of  Santa  Marta,  1,500 
feet  ;  vegetation  principally  mountain  forest,  which  here  extends  to  a 
lower  level.  Jordan  is  a  plantation  two  miles  further  east,  in  a  valley, 
ai  1,000  feet. 

**  denega,  or  La  denega  :  Town  on  the  coast  adjoining  the  great 
lagoon  of  the  same  name  ;  the  lagoon  belongs  to  the  estuary  system  of 
the  Magdalena.  The  country  around  is  fiat,  swampy  in  places,  and 
with  salt  plains  ;  two  or  three  miles  back  are  dry  hills  with  a  scrubby 
growth  (dry-forest  vegetation).  Rio  Frio  is  a  town  a  few  miles  south 
of  Cienega,  on  a  river  of  the  same  name  ;  Gaira,  on  the  Gaira  River, 
is  between  Cienega  and  Santa  Marta,  on  low  land.  These  towns  are 
connected  by  a  railroad. 

^^  Don  Amo  :  Plantation,  eighteen  miles  east  of  Santa  Marta,  in  a 
mountain  valley,  at  1,500  feet  ;  large  clearings  in  mountain  forest,  with 
adjoining  dry  forest  and  open  lands.  Don  Amo  Viejo  ìs  a  locality 
near  it. 
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*'  Don  Diego  :  Plantation  on  the  coast  at  the  roouth  of  the  river 
Don  Diego,  Uve  miles  east  of  the  Burìtaca,  and  wìth  simìlar  surface 
and  vegetation  "  \t.  €.,  **The  mountain  forest  here  " — at  Buritaca 
—  "Comes  down  bodily  to  the  coast,  where  there  are  sand-beaches 
and  mangrove-swamps  ;  the  country  is  low  and  damp.  There  are 
small  tracts  of  open  grass  land  near  the  river  mouth  "J . 

*^  Aftnca:  Plantation  on  the  river  Gaira,  twelve  miles  southeast  of 
Santa  Marta,  at  the  lower  border  of  the  main  mountain  forest,  which 
here  adjoins  dry  forest  and  open  grass  lands.     Elevation  2,000  feet. 

''  Onaca  :  Plantation,  eighteen  miles  E.S.E.  of  Santa  Marta,  at  the 
lower  border  of  the  main  mountain  forest,  which  here  adjoins  iht  open 
lands.     Elevation  2,000  feet. 

*'  Valparaiso  :  Plantation  near  the  head  of  the  river  Gaira,  twenty 
miles  southeast  of  Santa  Marta,  4,500  feet.  Extensive  clearings  in  the 
mountain  forest.     Las  Purtidas  is  a  locality  near  it  at  3,500  feet." 

Mr.  Smith  emphasizes  the  difference  between  mountain  forest  and 
dry  forest,  believing  the  difference  to  be  interesting  and  signifìcant. 
"  The  true  mountain  forest  is  a  matted  growth  of  trees  and  vines  with 
numerous  epiphytes  and  ferns  ;  very  few  trees  shed  their  leaves  at 
stated  seasons,  and  the  forest  is  damp  and  verdant  throughout  the  year. 
In  the  dry  forests,  on  the  contrary,  nearly  ali  the  trees  and  vines  are 
leafless  during  the  latter  part  of  the  dry  season,  February  to  May  ;  the 
few  peculiar  ferns  die  down  to  the  roots.  Grasses  and  herbs  are 
abundant  wherever  the  ground  is  not  too  shady,  but  they  wither  dur- 
ing the  dry  months.  The  distinction  of  plant  species  is  almost  com- 
plete, and  is  ali  the  more  remarkable  because  the  two  kinds  of  forest 
existside  by  side.**  **  I  have  been  thus  explicit  in  describing  the  two 
kinds  of  forest  because  they  exist  in  ali  parts  of  tropical  America.  .  .  . 
The  *■  pampa  *  [dry  forest]  of  the  Santa  Marta  district  is  the  *  campo  ' 
and  *■  coatingo  '  of  Brazil,  and  the  scrubby  growth  of  lower  hills  in  the 
West  Indies  ;  a  modified  form  is  the  *  chapparal  *  of  Mexico.  Every- 
where  the  plants  are  different  from  those  of  the  swamp  forest  ;  gener- 
ally  the  trees  are  lower,  often  small  and  gnarled  and  sometimes  scat- 
tered  ;  and  everywhere  they  shed  their  leaves  during  the  dry  season. 
The  difference  does  not  always  correspond  to  a  difference  of  soil  or 
situation  ;  the  two  kinds  of  forest  may  adjoin  each  other  on  level 
ground  or  on  a  mountain  side,  on  land  equally  dry  or  humid. 

"  It  is  impossible  to  avoid  the  impression  that  the  dry  forest  is  an 
old,  stunted,  and  wom  out  vegetation,  tendi ng  to  extinction,  while 
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tl^e  swamp  forest,  with  ìts  exuberant  growth,  is  plant  life  in  the  vigor 
of  youth.  .  .  .  It  is  possible  that  the  dry  forest,  with  its  open  lands 
or  *  campos/  represents  an  older  flora.*** 

2.  Collections  Mode  in  Brazily  Bolivia,  Paraguay,  and  Argentina 
by  Mr.  and  Mrs.  H.  H,  Smith  in  i88s  and  1886. 

The  follo wing  notes  are  taken  from  letters  from  Mr.  Smith  to  the 
author,  dated  December  6,  1908  and  Aprii  24,  1905. 

Brazii, 

*'  Cachoeira  :  This  is  a  stream,  or  small  ri  ver,  which  rises  near  Cha- 
pada,  flows  N.  then  N.E.  and  fìnds  its  way  to  the  R.  Cuyabà.  The 
collections  with  this  label  were  made  at  a  place  about  fìfteen  miles  N.E. 
of  Chapada,  where  the  river  passes  through  a  gap  in  the  hills.  Forest 
and  grass-land  with  some  boggy  places.  Practically  the  same  as 
Chapada. 

'*  Chapada  :  A  small  village  of  Matto  Grosso,  Brazil,  about  twenty- 
five  miles  E. N.E.  of  Cuyabà,  on  the  plateau.  The  village  itself  is 
about  2,500  ft.  above  sea  level,  or  1,800  ft.  above  Cuyabà;  but  col- 
lections are  from  ali  the  surrounding  region  as  lowas  1,500  ft.  This 
is  a  country  of  mixed  forest  and  campo,  or  grass-land  with  scattered 
trees  ;  there  are  many  streams  —  some  small  lakes  or  ponds,  and  tracks 
of  more  or  less  boggy  savanna  where  the  streams  rise. 

**  The  name  Chapada  is  really  a  generic  appellation,  applied  to  the 
plateau  in  general.  The  real  name  of  this  village  is  Santa  Anna  La 
Chapada,  and  in  some  maps  it  appears  as  Santa  Anna  ;  but  in  ali  that 
region  it  is  known  simply  as  Chapada,  or  the  Chapada. 

**  Cuyabà  :  The  capital  of  Matto  Grosso,  on  the  R.  Cuyabà,  a 
branch  of  the  Paraguay.  There  is  very  little  flood -plain  bere  ;  mostly 
rocky  land,  but  well  watered  by  streams. 

**  Corumbà  :  A  town  on  the  River  Paraguay,  near  the  junction  of 
the  Taguary,  the  port  of  entry  for  Matto  Grosso,  There  is  a  tract  of 
dry  rocky  land,  a  kind  of  island,  in  the  flood-plain  of  the  Paraguay, 
which  is  bere  very  extensive.  Collections  were  made  principally  on 
the  flood-plain  ;  the  waters  were  rìsing,  but  I  used  to  wade  about  with 
a  boy  pushing  a  canoe  through  the  grass  behind  me.  These  flood- 
plains  are  mostly  open  grass-land,  with  some  forest  along  the  river  and 
channels. 

*  For  similar  statements  concerni ng  the  Brazilian  flora  and  fauna  see  the  notes  by 
Mr.  Smith  prefìxed  lo  Mr.  E.  T.  Cresson's  «  Descrìptions  of  Some  Brazilian  MutìUa  '' 
(  TYans.  Amer,  Ent.  Soc,)^  xzviii,  pp.  I-3.     1902. 
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"  Uacaryzal:  I  am  not  quite  sure  of  this  locality.  It  is  a  planta- 
tion  in  Matto  Grosso  either  near  the  R.  Paraguay,  or  near  Cuyabà.  I 
think  that  it  is  on  the  Paraguay,  not  far  above  the  junction  of  the  R. 
Cuyabà  ;  at  any  rate,  there  is  a  cattle  plantation  there,  where  we  worked 
for  some  time. 

**You  havc  only  a  fragment  of  my  Matto  Grosso  collection  of 
Odonata  ;  the  only  serious  loss  I  had  in  transit  was  in  this  group.  I 
had  a  large  '*  Saratoga  "  trunk,  packed  full  with  specimens,  mostly 
collected  along  the  R.  Paraguay  in  Matto  Grosso.  In  transferring 
our  luggage  at  Monte  Video  this  trunk  disappeared.  It  must  have 
contained  several  thousands  of  specimens,  and  an  especially  fìne  lot. 
Those  I  did  bring  home  were  turned  over  to  Dr.  Hagen  for  study. 
After  his  death  they  remained  at  the  Museum  of  Comparative  Zoology 
until  after  I  sold  my  collection  to  the  Carnegie  Museum.  I  have  not 
seen  them  for  20  or  25  years,  and  have  no  idea  what  condition 
they  are  ir.  The  trunk  I  mentioned  contained  a  lot  of  the  rare  species, 
which  fly  only  in  the  cvening  after  sunset,  and  in  the  carly  morning. 
I  used  to  get  up  before  daylight  to  catch  them.  The  colors  of  this 
species  are  rather  dull. 

**  Along  the  Paraguay,  just  before  leaving  Matto  Grosso,  I  made  a 
discovery,  which  might  have  been  very  important  had  I  remained 
there.  The  best  time  to  get  rare  dragon-flies  is  before  sunrise  in  the 
morning.  Nearly  ali  the  species  which  are  dull  brownish  or  greenish 
in  color —  no  pronounced  tints  —  are  either  nocturnal,  orat  any  rate, 
can  be  found  flying  as  soon  as  there  is  light  enough  to  see  them. 
They  also  fly  in  the  evening,  but  are  less  abundant  then. 

Bolivia, 
^^  Piedra  Bianca  (in  Portuguese  Pedra  Branca).  A  small  trading 
station  and  custom  house,  four  miles  W.  of  Corumbà,  and  just  within 
the  boundary  of  Bolivia.  A  road  runs  from  here  over  the  plains  to 
the  larger  Bolivian  towns  of  the  Andes.  Piedra  Bianca  is  on  the  edge 
of  the  flood-plain  of  the  R.  Paraguay  ;  there  is  a  lake  communicating 
with  the  river  near  Corumbà.  Practically  the  collections  are  the  same 
as  those  of  Corumbà,  and  I  only  kept  them  separate  because  they  are 
from  within  the  confines  of  Bolivia. 

Paraguay. 
*'  Villeta,  a  village  in  Paraguay,  as  I  remember,  about  twenty  miles 
S.  of  Asuncion  ;  at  any  rate  it  is  a  village  on  the  R.  Paraguay,  noted 
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for  its  orange  groves.  The  collections  were  made  dose  to  the  river." 
To  many  of  his  specìmens  Mr.  Smith  attached  numbers^  corre- 
sponding  to  those  under  which  he  made  notes  on  the  lìvìng  colors  of 
the  insects.  The  note-book  containing  these  is,  unfortunatcly,  not 
available,  but  I  have  preserved  his  numbers  in  the  following  text  in  the 
event  of  these  notes  coming  to  light  in  the  future. 

3.  Collections  Made  by  Mr,  J,  D.  ffaseman,  in  Various  Parts  of 
Brazilf  in  igoj  and  ipoS. 

I  have  no  information  concerni ng  them  other  than  that  given  on  the 
labels,  which  are  here  quoted  exactly,  nor  have  I  been  able  to  locate     ' 
many  of  his  localities  on  the  maps. 

The  collections  by  Mr,  and  Mrs.  Smith  and  Mr.  Haseman  are  in  the 
Carnegie  Museum,  Pittsburgh. 

4.  Collections  Made  at  Sapucay,  Paraguay^  by  Mr.  W.  T.  Poster^ 
no7u  in  the  U,  S,  National  Museum, 

Mr.  A.  N.  Caudell,  in  his  paper  **0n  a  CoUection  of  Non- Saltato- 
rial  Orthoptera  from  Paraguay*'  (Journ.  N.  Y.  Ent.  Soc,  xii,  pages 
179,  180,  Sept.,  1904),  gives  the  following  information  about  this 
locality,  quoting  from  a  letter  from  Mr.  Poster,  dated  May  14,  1902. 
'^  Sapucay  is  a  small  village  situated  at  the  base  of  a  low  table-land,  the 
elevation  of  which  is  800  feet  above  the  surrounding  country.  .  .  . 
The  trend  of  the  face  of  the  table-land  is  northwest  and  southeast. 
The  country  to  the  southwest  and  east  is  generally  level,  broken  by  low 
hills  rising  abruptly  from  the  plains,  which  extend  to  the  level  cattle- 
breeding  lands  of  the  Missions,  which  in  turn  give  place  to  the  low 
swamp-land  of  the  southwest  corner  of  Paraguay,  which,  with  the  ex- 
ception  of  a  narrow  fringe  along  the  rivers  Paraguay  and  Alto  Parana, 
is  given  over  to  the  anaconda  and  tiger  (jaguar).  I  was  several 
months  down  there  collecting  water-birds,  but  do  not  have  any  very 
pleasant  recollections  of  the  districi.  Periodical  floods  extend  for 
leagues  inland,  fìlling  up  the  swamps,  which  in  turn  extend  for  miles  ; 
patches  of  forest  from  a  few  hundred  feet  to  a  mile  in  diameter  occupy 
any  land  rising  a  few  feet  above  the  swamp.  A  few  wandering  trìbes 
roam  the  large  forests  of  the  Alto  Parana,  but  the  rest  is  a  desolate 
waste. 

*'  I  do  not  fìnd  that  the  table-land  raentioned  above  bears  a  differ- 
ent  fauna  than  that  of  the  low  lands,  nearly  ali  specimens  taken  by  my 
collecting  boys  on  the  higher  lands  being  duplicated  by  others  from 
the  plains. 
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**  The  winter  is  now  about  commencing  and  the  frost  during  the 
months  of  June  and  July  is  somewhat  severe,  with  the  result  that 
insects  are  correspondingly  scarce.  I  therefore  do  but  little  collecting 
during  the  winter  months^  but  tum  my  attentions  to  bird  and  mammal 
skinning.'' 

5.  ColUctionSy  net  yet  Fully  Worked  Out,  Made  by  Mr,  W.  J, 
Gerhard  in  Perù  and  Bolivia^  in  i8g8  and  l8pp,  ncw  in  the  Acadetny 
of  Naturai  Sciences  of  Philadelphia. 

Mr.  Gerhard's  itinerary  is  given  on  pages  11-27  of  Andrew  Gray 
Weeks,  Jr.*s  **Illustrations  of  Diumal  Lepidoptera  With  Descriptions. 
Boston     Printed    by   the   University   Press     Cambridge,  U,    S.    A. 
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LIST  AND  DESCRIPTIONS  OF  SPECIES. 

I.   Lais  guttifera  Selys. 

e?.  Individuals  vary  as  to  the  presence  or  absence  of  occipital  tuber- 
cles.  The  ycUow  of  the  inferior  part  of  the  metepimeron  is  one-third 
to  one-fourth  as  wide  as  the  sclerite  and  is  absent  in  the  oldest  examples. 
Pale,  cleft,  anterior  lamina  one-third  to  two-fìflhs  as  long  as  segment 
two,  posterior  hamule  very  hairy  anteriorly.  Young  males  have  hardly 
any  coloring  at  the  tip  of  the  hind  wings.  Tips  of  the  inferior  ap- 
pendages  in  profìle  view  slightly  bifid,  upper  branch  curved  upward 
and  cephalad. 

Dimensions,  —  Chapada  :  abdomen  J*  35.5-37,  ?  30,5-34  ;  hind 
wing  (?  25.5-28,  ?  26.5-28  mm. 

Sapucay  :  abdomen  e?  37.5-40.5,  ?  34;  hind  wing  e?  28-30,  9  29 
mm. 

Habitat,  — Brazil  :  Chapada,  by  H  .H.  Smith,  6  e?  and  parts  of  8 
others,  5  ?  and  parts  of  7  others.  Carnegie  Museum,  Pittsburgh. 
Paraguay:  Sapucay,  by  W.  T.  Foster,  December,  1899,  ^  e?  No. 
69;  January,  1900,  2  e?  no.  69;  February,  1900,  i  e?,  i  ?.  United 
States  National  Museum. 

2.  Lais  ftilgida  Selys. 

Founded  on  a  young  male  from  Rio  Napo,  Ecuador,  **  de  sorte  que 
la  gouttelette  terminale  obscure  des  ailes  inférieures  n'est  que  faible- 
ment  indiquée." 

In  1880,  de  Selys  wrote  (Compt.-Rend.  Soc.  Ent.  Belg.,  1880, 
p.  1)  :  *' La^^iJfrV/tf  différerait  des  trois  autres  [hauxwelli,  devilia, 
cuprcBo]  par  le  bout  des  ailes  inférieures  du  male  sans  gouttelette 
obscure,  mais  légèrement  grisàtre,  se  rapprochant  ainsi  de  la  metallica 
dont  elle  n*est  peut-ètre  pas  distincte." 

The  present  pair  from  Iquitos  were  labeled  "fulgida  ?",  repre- 
senting  possibly  Hagen's  Identification.  They  agree  with  the  originai 
description  of  fulgida  in  size,  in  the  brilliant  coppery  color  of  thorax 
and  of  abdomen,  and  in  the  superior  appendages  of  the  male.  The 
hind  wings  of  the  male,  however,  have  a  well-marked  brown  spot  at 
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the  apex  similar  to  that  of  Z.  hauxwelli}  The  male  is  also  like 
hauxwelli  in  havìng  the  inferior  appendages  undeveloped.  Fulgida 
therefore  belongs  to  the  same  group  of  species  as  hauxwelli  and  should 
be  so  transferred  in  de  Selys*  synopsis  of  the  genus,  /.  c^  p.  li.  Like 
guttifera,  devillei^  and  doubtless  other  species,  the  young  males  of 
fulgida  have  the  apical  brown  spot  of  the  hind  wing  not  yet  distinctly 
developed. 

Habitat,  —  Perù  :  Iquitos,  Staudinger,  i  e?,  i  ? .  Museum  of 
Comparative  Zoology,  Cambridge,  Mass. 

3.  Lais  pruinosa  Selys. 

The  male  has  a  pair  of  occipital  tubercles,  inferior  half  of  the 
metepimeron  yellow,  the  pale  cleft  anterior  lamina  one-fourth  as  long 
as  2,  the  posterior  hamule  not  hairy  anteriorly. 

Habitat,  —  Brazil  :  Rio  Grande  do  Sul,  by  H.  H.  Smith,  i  e? 
(lacking  the  tip  of  theabdomen),  i  ?.    Carnegie  Museum,  Pittsburgh. 

4.  Lals  pudica  Selys. 

(PlATK  IX,  FIGS.  149-15 1,  155.) 

The  wings  of  young  males  are  brown  without  any  red  (except  the 
apices  which  remain  uncolored  throughout  life) .  Subsequently,  red 
appears  in  the  midst  of  the  brown  and  gradually  occupies  the  whole  of 
the  previously  brown  area. 

The  wings  of  the  female  remain  brownish  throughout  life,  although 
this  color  occupies  a  smaller  area  than  in  the  male. 

Habitat,  —  Brazil  :  Chapada,  by  H.  H.  Smith,  i  e?  and  parts  of  4 
othersNo.  73,  2  9  and  parts  of  4  others  No.  76.  Carnegie  Museum, 
Pittsburgh.  Sào  Paulo,  March  28,  1900,  i  e?,  3  ?  ;  and  Rebou9as, 
September  26,  1900,  i  e?,  coUectcd  by  A.  Hempel.  Academy  of 
Naturai  Sciences,  Philadelphia. 

Paraguay  :  Sapucay,  January  16,  1903,  by  W.  T.  Foster,  6  e?  No. 
i7f  6  9  No.  6.     U.  S.  National  Museum, 

5.  Hetaerina  fuscibasis  sp.  nov. 

(PlATE  I,  FIGS.   I,  2;    PlJlTE  IX,  FIGS.   I52,   I53.) 

(?.  Black,  except  as  foUows  :  second  joint  of  antennse  brown  an- 
teriorly, two  elongated  pale  brown  spots  on  the  second  lateral  thoracic 

'There  is  a  pair  of  hauxwelli  from  Brazil  (no  defìnite  locality)  in  the  Carnegie 
Museum,  Pittsburgh. 
»Cf.  Selys,/.  f.,p.  1. 
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suture,  thorax  with  slight  metallic-green  or  metallic-copper  reflectìons, 
anterior  abdominal  segments  with  slight  metallic-violet  or  metallic- 
green  refiections  ;  labrum  in  a  younger  male  with  a  pale  spot  on  each 
side. 

Superior  abdominal  appendages  longer  than  io,  as  long  as  9,  forci- 
pate,  black  outer  margin  with  4-5  spines  in  the  distai  half,  inner  mar- 
gin  widening  gradually  from  the  first  to  the  second  third  of  the 
appendage  length  ;  beyond  the  point  of  greatest  length  the  upper  sur- 
face  bears  an  oblique  row  of  small  denticles  and  distai  to  the  row  a 
transverse  ridge,  the  inner  (mesal)  end  of  which  forms  a  slight  projec- 
tion  on  the  inner  edge  of  the  appendage  at  three-fourths  length  when 
seen  from  above,  apex  obtuse,  rounded.  In  profile  the  lower  margin 
is  distinctly  convex  in  the  third  and  fourth  fifths,  or  middle  third,  of 
the  appendage  length,  corresponding  to  the  widening  of  the  inner 
margin  as  viewed  from  above. 

Inferior  appendages  fìve-  to  six-tenths  as  long  as  the  superìors, 
black  ;  in  profile  view  curved  slightly  upward,  tapering  from  base  to 
apex  ;  in  ventral  view,  as  distant  from  each  other  as  the  superi ors, 
only  slightly  curved  toward  each  other. 

Legs  black. 

Wings  dark  brown  for  their  entire  width  from  base  to  nodus,  un- 
colored  beyond,  the  outer  edge  of  the  brown  extending  in  a  usually 
somewhat  zig-zag  line  to  the  hind  margin  of  the  wing  in  such  a  way  that 
the  hind  edge  of  the  brown  is  a  little  shorter  (9-10  mm.  )  than  its  front 
edge  (lo-ii  mm.).  Apex  of  hind  wing  edged  with  brown  from  the 
second  to  the  sixth  celi  before  the  termination  of  R^  (=  median  vein 
of  de  Selys)  to  the  termination  of  the  second  of  the  three  longer  sup- 
plementary  sectors  below  M,  (=  principal  sector  of  de  Selys),  or  2-3 
cells  posterior  or  anterior  thereto.  No  trace  of  a  pterostigma.  Front 
wings  with  two  or  three  rows  of  cells  in  the  greater  part  of  the  anal  area 
(=  proximal  part  of  the  postcostal  space  of  de  Selys)  to  the  level  of  the 
distai  end  of  the  quadrilateral,  when  there  are  two  rows,  then  near  the 
distai  end  of  that  area  are  three  rows  or  three  cells  here  and  there  ;  three 
or  four  rows  in  a  great  (middle)  part  of  second  cubital  area*  (=distal 
part  of  the  postcostal  space  of  de  Selys);  3-5  cross- veins  in  the  basai 
median  area  (=  median  space  of  de  Selys,  1896),  4-7  cross-veins  in 
the  quadrilateral,  17-19  ante-,  29-35   postnodals.     Hind  wings  with 

*  Mr.  Williamson  has  deaoted  this  area  also  by  the  letters  AN  AR,  anai  area^  in 
bis  figure  I  (page  168,  Proc.  U.  S.  Nat.  Mus.,  xxtHì)  sbowing  the  nomenclature  of 
the  venation  of  a  Calopterygìne  wing. 
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never  more  than  two  rows  of  cells  in  any  part  of  the  anal  area,  with 
two  (56  per  cent,)  or  three  (44  per  cent.)  rows  at  most  in  the  sec- 
ond  cubi  tal  area(i6wings  examined),  3-6  cross- veins  in  the  basai 
median  area,  4-6  cross-veins  in  the  quadrìlateral. 

?.  Differs  from  the  male  in  being  dark  metallic-green  with  the  fol- 
lowing  parts  pale  yellowish  :  anterior  surface  of  the  second  antennal 
joint,  labrum  (except  at  base,  which  is  black,  and  a  median  black  line, 
absent  in  some),  extemal  surfaces  of  mandibles,  proximal  parts  of  the 
lateral  labial  lobes,  a  narrow  longitudinal  stripe  (absent  in  some)  on 
each  side  of  the  middle  prothoracic  lobe  and  another  on  the  inferior 
margin  of  the  prothorax  each  side,  a  short  inferior  mesepistemal  stripe 
bordering  the  lower  end  of  the  humeral  suture  anteriorly,  a  sub- 
equally  long,  but  narrower  posthumeral  stripe  on  the  middle  of  the 
mesepimeron,  an  elongated  spot  on  the  lower  end  of  the  same  sclerite, 
asmall  spot  on  the  mesinfraepisternum,  a  stripe  (reduced  or  intemipted 
in  some)  on  the  first  lateral  suture,  two  spots  (absent  in  some)  on  the 
hind  margin  of  the  metepistcrnum,  the  lower  larger  and  confluent 
with  the  yellow  which  covers  most  of  the  metinfraepistemum,  most 
of  the  metepimeron  (except  for  a  median  longitudinal  black  or 
metallic-green  stripe)  wider  at  its  upper  end,  where  it  does  not  reach  the 
base  of  the  hind  wing,  pectus,  which,  however,  is  encircled  and  trans- 
versely  crossed  with  black,  in  some  the  margins  of  the  antealar  sinus 
and  of  wing-bases,  a  longitudinal  lateral  stripe  on  1-2,  3  or  4,  a  nar- 
row transverse  basai  mid-dorsally  interrupted  ring  on  1--7,  sides  in- 
feriorly  of  9  and  io,  the  genital  valves,  spots  on  the  coxae,  and  a  stripe 
on  the  proximal  third  of  the  second,  half  of  the  third,  femora. 

Abdominal  segment  io  with  a  mid-dorsal  longitudinal  carina  on  its 
posterior  half,  carina  prolonged  into  a  short  acute  spine  projecting 
beyond  the  hind  margin  of  the  segment,  which  last  is  produced  slightly 
backward  above  and  below  each  abdominal  appendage,  the  produced 
parts  denticulated  or  spinulose  ;  appendages  not  quite  as  long  as  io, 
very  acute  at  tips,     Genital  valves  minutely  denticulated. 

Wings  pale  yellowish-brown  from  base  to  nodus,  this  color  fading 
gradually  toward  the  hind  margin,  at  least  distai  to  the  level  of  the 
quadrilateral  ;  remainder  of  the  wings  much  clearer.  Anal  area  of 
front  and  hind  wings  and  second  cubital  areaof  hind  wings  with  never 
more  than  two  rows  of  cells,  second  cubital  area  of  front  wings  with 
three  rows  in  its  middle.  Front  wings  with  4-6  cross-veins  in  the 
basai  median  area  and  in  the  quadrilateral,  16-20  ante-,  27-33  post- 
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nodals.  Hìnd  wìngs  with  3-5  cross-veìns  in  the  basai  median  area 
and  in  the  quadrilateral. 

Abdomen  e?  31-32,  ?  27-28  ;  hind  wing  e?  22-24,  9  23-25  mm. 

Habitat.  —  Brazil  :  Chapada,  in  May,  by  H.  H.  Smith,  2  cf  and 
parts  of  six  others,  2  $  and  parts  of  six  others.  Carnegie  Museum, 
Pittsburgh. 

This  species  differs  from  ali  other  known  species  of  the  genus,  except 
H,  òorchgraviif  by  the  entire  absence  of  red  on  the  wings  of  the  male. 
The  brown  on  these  organs  recalls  HetcBrina  titia  Drury,  of  the 
extreme  southern  United  States,  Mexico,  and  Central  America,  but  in 
that  species  it  has  been  shown,*  that,  while  brown  first  appears  on  the 
wìngs  of  the  teneral  individuai,  subsequently  red  is  indicated  by  a 
pale  pink  wash  over  the  brown  at  the  base  of  the  front  wings.  This 
pink  becomes  a  deeper  and  deeper  red,  while  the  brown  is  at  the  same 
time  darkening.  No  trace  of  red  is  apparent  in  any  of  the  present 
material  of  HetcBrina  fusciòasis,  although  different  ages  are  repre- 
sented.  If  the  ontogenetic  order  of  the  colors  on  the  wings  of 
HetcBrina  males,  as  described  for  H,  titia^  H,  capitatisi  and  H. 
totteca,'^  has  a  phylogenetic  signifìcance,  then  Hetarina  fuscibasis  has 
some  claim  to  be  regarded  as  representing  an  originai,  partly  brown- 
winged  form,  from  which  the  majority  of  present-day  Hetaerinae,  with 
their  red-based  wings,  bave  sprung. 

It  will  also  be  noticed  that  the  considerale  variation  in  the  num- 
ber  of  rows  of  cells  in  the  second  cubi  tal  area  of  the  hind  wings  of  the 
male  seriously  invalidates  the  grouping  of  the  species  of  this  genus 
proposed  in  the  work  just  cited.® 

6.  Hetaerina  rosea  Selys. 

Habitat, — Brazil:  Chapada,  by  H.  H.  Smith,  7  ^  and  parts  of  8 
others.  No.  182;  parts  of  21  $,  Nos.  46,  182.  Carnegie  Museum, 
Pittsburgh. 

7.  Hetaerìna  caja  Drury. 

Calvcrt,  Biologia  Centrali- Americana,  Neuroptera,  pp.  21,  33,  I901. 

Habitat.  —  Colombia  :  Bonda  in  Dept.  Magdalena,  by  H.  H. 
Smith,  August,  2  cf.     Carnegie  Museum,  Pittsburgh. 

*CaWcrt,  Biol.  Centr.-Amer.  Neuropt.,  p.  32,  1901. 

«Calvert,  ibid,y  p.  347,  1907. 

'  Ibid,,  p.  348. 

^Ibid,,  pp.  20-22,  342-343- 
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8.  Hetaerina  donna  Selys. 

Habitat, —  Brazil  :  Bora  Firn  in  Bahia  State,  November  20  and  21, 
1907,  at  the  Fazenda  de  Amaratu,  by  J.  D.  Haseman,  4  cf,  i  ?.  Car- 
negie  Museum,  Pittsburgh. 

Paraguay  :  Sapucay,  by  W.  T.  Poster  ;  November,  1899,  ^  ^  (No. 
^9)>  5  ?  (No.  20);  January  io  and  16,  1900,  i  9  (no  number)  and 
I  cf  (No.  21);  February,  1900,  i  ?  (no  number).  United  States 
National  Museum. 

9.  Hetsrina  auripennis  Burmeister. 
Habitat. — Brazil:  Muniz  Freire  in  Espiritu  Santo,  June  18,  1908, 
by  J.  D.  Haseman,  2  J*.     Camegie  Museum,  Pittsburgh. 

IO.  Hetsrina  hebe  Selys. 

Hitarina  hebe  Selys,  Syn.  Calopt.,  p.  34,  1853;  Monog.  Calopt,  p.  XI2,  pi.  II,  fig. 

3,  1854. 

Two  of  the  present  males  bave  the  humeral  suture  occupied  by  a 
narrow  yellowish  stripe  for  its  whole  length,  but  the  third  (S.  Se- 
bastiào)  has  it  yellow  only  for  its  lowrer  half,  the  upper  half  black,  thus 
furnishing  the  intermediate  conditions  between  those  described  by  de 
Selys  (1854)  for  the  adult  J*  and  the  young  ^, 

The  superior  appendages  of  ali  show  a  detail  not  mentioned  by  de 
Selys,  nor  shown  in  the  figures,  and  which  is  to  be  seen  only  in  a  siipero- 
internal  view,  not  in  dorsal  or  profile  ;  it  is  that  the  dilatation  of  the 
inferior  inner  margin,  which  forms  **une  plaque  triangulaire  obtuse,'* 
at  mid-length  of  the  appendage  is  not  uninterrupted,  but  emarginate  at 
one-fourth  the  appendage  length,  at  which  point  the  " plaque'*  may 
be  said  to  begin. 

De  Selys  knew  this  species  only  as  from  "  Brésil,*'  wherefore  the 
value  of  the  more  exact  localities  which  follow. 

Habitat, — Brazil:  Rio  Janeiro,  December,  by  H.  H.  Smith, 
le?,  I  ?.     Camegie  Museum,  Pittsburgh. 

Sào  Sebastiào,  November,  1900,  by  A.  Hempel,  2  cf.  Academy 
of  Naturai  Sciences  of  Philadelphia. 

II.  Hetsrina  longipes  Selys. 

The  present  male  is  smaller  than  the  type,  having  the  abdomen  41, 

hind  wing  31  mm.     Humeral  and  first  lateral  yellow  stripes  narrower, 

not  wider,  than  in  H,  carnifex  from  Nova  Friburgo,  and  not  anasto- 

mosing  above  near  the  wings.     Metasternum  margined  with  a  narrow 
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black  stripe  (**  la  cercle  noire  de  la  poitrine**),  and  with  a  medìan 
longitudinal  black  stripe  on  its  anterìor  half  and  a  transverse  isolated 
black  mark  near  its  hind  end. 

Habitat,  —  Brazil  :  Santa  Catherina,  i  e?.  Museum  of  Compara- 
tive Zoòlogy,  Cambridge,  Mass. 

12.  Hetsrìna  macropus  Selys. 

Hetctrina  macropus  Calvert,  Biol.  Centr.-Amer.  Neurop.,  pp.  21,  34,  346,  1901,  1907. 

Habitat. — Colombia:  Bonda,  July,  2  9,  August,  4c?,  5  ?,  Sep- 
tember,  2  e?,  i  ?,  October,  i  e?,  3  9,  November,  2  cf ,  i  9  ;  Onaca, 
August,  2  cf ,  2  9  ;  Cacagualito,  August,  i  9  ;  ali  in  Dept.  Magda- 
lena,  by  H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 

Venezula  :  La  Guaira,  by  Lyon  and  Robinson,  July  3,  1900,  6  e?  ; 
San  Julian,  by  M.  W.  Lyon,  Jr.,  July  20,  1900,  49.  U.  S.  National 
Museum. 

13.  Hetsrina  chaica  sp.  nov. 

(PlATE  I,  FIGS.  3-5.) 

c?.  Head  black,  some  metallic-coppery  reflections  on  the  upper  sur- 
face  ;  rhinarìum,  external  surface  of  mandibles,  a  small  adjoining  spot 
on  the  gense,  a  smaller  spot  on  each  side  of  the  labrum,  submentum, 
mentum,  and  some  adjoining  parts  of  the  labium,  pale yellaw, 

Thorax  metallic-green  or  coppery,  the  following  markings  paU 
yellawish'brawn  or  orange-brown  :  a  huraeral  stripe  wider  below,  most 
of  the  metapleura  (excepting  a  median  dark  stripe  on  the  metepister- 
num  reaching  from  the  upper  margin  of  that  sclerite  down  to,  or  almost 
to,  or  half-way  to,  the  metastigma,  and  a  subequally  wide  or  narrower 
median  dark  stripe  on  the  metepimeron  which  reaches  to  neither  the 
upper  nor  the  lower  margins  of  the  sclerite,  or  the  metepisternal  stripe 
broken  into  two  isolated  upper  and  lower  streaks,  and  only  a  short 
superior  line  to  represent  the  metepimeral),  a  postero-inferior  spot  on, 
or  ali  of,  the  mesinfraepistemum,  the  metastemum  (except  for  a  trans- 
verse terminal  posterior  blackish  band).  Anterior  mesothoracic  mar- 
gin,  mid-dorsal  carina,  upper  margin  of  mesopleura  and  metepister- 
num,  black,     Hind  lobe  of  prothorax  produced  posteriorly. 

Abdominal  segments  1-4  or  5  pale  reddish-brown,  i  with  a  posterior 
dorsal  metallic-green  spot,  terminal  fourth  of  2  darker  brown,  posterior 
eighth  of  3  and  4  or  5  dark  brown  or  almost  blackish  ;  5  or  6-10 
black,  mid-dorsal  carina  of  io  terminating  posteriorly  in  a  short  prò- 
jecting  spine. 
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Superior  abdoroìnal  appendages  longer  than  io,  almost  as  long  as  9, 
forcipate,  black,  with  a  small  superior  basai  orange  spot,  with  6-8 
spines  on  the  outer  margin  in  the  apical  half.  In  dorsal  view,  the 
inner  margin  is  slightly  and  convexly  enlarged  in  the  proximal  third  ; 
and  from  one-third  to  four-fifths'  length  is  again  widened  into  a  large 
trilobed  or  tridentate  prominence,  the  first  or  most  proximal  tooth 
or  lobe  being  rounded  at  tip  and  situated  at  one-half  the  appendage- 
length,  where  the  appendage  reaches  its  maximum  width  ;  the  second 
is  more  rectangular  at  tip  and  at  fìve-sevenths  of  the  appendage  length  ; 
the  third,  also  rectangular,  is  at  about  four-fìfths'  length,  less  promi- 
nent,  but  at  a  higher  level  than  the  other  two  ;  the  upper  surface  of 
the  appendage  bears  an  oblique  row  of  a  few  denticles  above  the  proxi- 
mal tooth  or  lobe  of  these  three  and  running  towards  the  second  tooth  ; 
apex  of  the  appendage  obtuse,  rounded. 

Inferior  appendages  black,  reaching  to  three-fifths  of  the  length  of 
the  superi ors,  tapering  gradually  to  the  apices,  which  are  slightly 
curved  toward  each  other  and  minutely  bidentate. 

Legs  black,  except  the  coxae,  which  are  pale  brown  with  some  black 
spots  ;  in  one  a  pale  line  on  the  inner  surface  of  the  ihird  femur.  Ali 
wings  pale  yellowish  between  the  costa  and  R,  (=  median  vein  of 
de  Selys),  and  with  a  red  spot  at  the  tip  between  the  distai  ends  of 
Rj  and  M,  and  M,^  or  M^^  and  extending  proximad  5-9  cells  posterior 
to  M,j,  a  little  mere  densely  reticulated  than  adjoining  areas.  Red  at 
the  base  of  the  front  wing  occupying  the  area  between  R  (==  median 
vein  of  de  Selys)  and  the  hind  margin  from  base  to  about  5-7  cells 
distai  to  the  quadrilateral  ;  it  also  fìlls  the  subcostai  area  for  the  sanie 
distance,  or  for  the  first  6-1 1  antenodals,  and  narrowly  borders  the 
posterior  edge  of  the  costai  space  for  the  first  3-13  antenodals;  the 
length  of  the  red  area  from  wing-base  distad  is  6.5-7.5  mm.,  or  a 
little  less  or  more  than  half  the  distance  (13  mm.  )  from  base  to  nodus. 
Red  at  the  base  of  the  hind  wing  occupying  the  area  between  costa 
and  anal  veins  (at  which  latter  it  may  stop  sharply  or  invade  the  first 
row  of  cells  below)/  from  base  to  apex  of  quadrilateral  whence  its 
distai  margin  extends  forward  and  outward  to  a  point  on  R,  (=  me- 
dian vein  of  de  Selys)  situated  at  about  five  cells  distai  to  the  level  of 
the  apex  of  the  quadrilateral  and  7.5  mm.  from  the  wing-base,  whence 
it  again  retreats  towards  the  base  through  the  subcostai  and  costai  areas, 
in  which  two  areas  the  red  is  paler  and  mixed  or  alternated  with  brown. 

Median  space  of  both  front  and  hind  wings,  and  often  also  the 
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quadrilateral  of  hind  wings,  wìth  two  rows  o  cells  (or  at  least  some 
doublé  cells)  in  the  distai  part  of  each  ;  distai  parts  of  the  quadrilat- 
eral and  cubital  space,  and  ali  of  the  anal  area  of  the  front  wings,  as 
well  as  the  proximal  ends  of  the  areas  immediately  distai  to  those 
named,  fìlled  with  numerous  small  closely-set  areoles  ;  cubital  space 
of  the  hind  wings  with  one  row  of  cells  throughout,  anal  area  of  the 
same  with  two  rows  except  at  its  extreme  proximal  end.  Area  Cu,  on 
front  wings  in  most  cases  with  three  rows  of  cells  for  part  of  its  length, 
on  hind  wings  with  two  rows.  No  vestige  of  a  pterostigma.  Front 
wings  with  26-32  antenodals,  38-43  postnodals. 

? .  Differs  from  the  male  as  follows  :  second  antennal  joint  yellow  ; 
labrum  chiefly  yellow,  its  base,  anterior  margin,  and  a  median  line 
(sometimes  interrupted)  black  ;  yellowish-brown  humeral  area  much 
widened  not  only  by  encroachment,  especially  at  the  Idwer  or  anterior 
end,  on  the  dark  mid-dorsal  coloring,  but  also  on  that  of  the  mesepim- 
eron,  which  sclerite  is  thereby  predominantly  pale  colored  ;  mete- 
pimeral  dark  stripe  reduced  in  length  and  width  ;  posterior  margin  of 
abdominal  segment  io  produced  inferiorly  into  two  subacute  processes 
on  each  side,  the  upper  of  the  two  larger  and  spinulose  ;  abdominal 
appendages  subequal  in  length  to  io,  straight,  conical,  apex  acute, 
blackish,  but  pale  brown  at  base  ;  femora  pale  brown  inferiorly  ;  wings 
greenish-yellow,  unmarked,  but  the  areas  corresponding  to  those  occu- 
pied  by  the  apical  red  spots  of  the  male  are  slightly  more  densely 
reticulated  than  adjoining  areas,  to  about  the  same  degree  as  in  the 
male  ;  quadrilaterals  and  cubital  spaces  and  in  some  also  the  median 
spaces  of  ali  the  wings,  as  well  as  the  areas  immediately  distai,  con- 
taining  but  one  row  of  cells  each  ;  anal  area  of  the  front  wings  of  but 
two  rows  of  cells,  of  the  hind  wings  of  two  rows  in  its  distai  part  only  ; 
area  Cu,  on  front  wings  with  3  (75  per  cent.)  or  2  (25  per  cent.)  rows 
of  cells,  on  hind  wings  with  two  rows,  rarely  3  ;  front  wings  with 
22-25  antenodals,  30-40  postnodals. 

Young  ? .  —  Frons  and  nasus  pale  brown,  the  latter  with  some 
metallic  reflection,  thorax  pale  brown,  none  of  the  markings  distinct, 
metapleura  stili  paler,  abdomen  and  legs  brown  throughout  ;  other- 
wise  as  in  the  older  females. 

Dimensions,  — Abdomen  e?  41-43,  9  32-36  ;  hind  wing  e?  30-31.5, 
9  29-33  "i"»- 

Habitat, — Bolivia:  Chulumani,  November  30,  1898,  to  January 
5,  1899,  4  e?,  8  9  ;  twelve  miles  northeast  of  Coroico,  May  20  and 
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24,  1899,  2  e?  ;  near  Coreico,  June  3,  1899,  i  e?  ;  ali  by  W.  J.  Ger- 
hard.    Academy  of  Naturai  Sciences  of  Philadelphia. 

The  specifìc  name  is  taken  from  that  of  a  human  trìbe  of  the  neigh- 
borhood. 

14.  Heliocharis  amazona. 

(Platk  vili,  PIO.  139.) 

Heliocharis  amasuma  Selys,  Syn.  Calopt,  p.  55,  1853;  Monog.  Calopt,  p.  188,  pU 
5»  fig-  5  (wing),  pi.  14,  fig-  5  (*PP»«  S)f  1854;  Bull.  Acad.  Belg.  (2),  xxvii,  p. 
661,  1869. 

The  type  "  e?  jeune  '*  from  Ega,  on  which  were  based  the  descrip- 
tions  of  1853  and  1854,  was  stated  to  have  "le  dessus  du  thorax 
olivàtre/'  no  mention  being  made  of  any  dark  markings.  The 
description  of  1869,  of  a  male  from  Para,  reads  **  Devant  du  thorax 
verdàtre  avec  une  raie  à  la  suture  dorsale,  une  antéhumérale  et  une 
doublé  humérale  noiràtres.'*  The  present  material  has  a  very  distinct 
narrow  black  stripe  on  the  mid-dorsal  thoracic  carina,  but  any  humeral 
or  antehumeral  markings  are  very  indistinct  and  doubtful,  although  the 
sides  and  ventral  surface  of  the  thorax  are  partly  pruinose. 

The  abdomen,  of  which  very  brief  mention  is  made  in  the  descrip- 
tions,  is  greenish  at  its  base  (segments  i  and  2),  blue  on  the  follow- 
ing  segments,  with  these  black  or  blackish-brown  markings:  the 
intersegmental  articulations,  a  narrow  mid-dorsal  stripe  reaching  the 
entire  length  of  each  segment  from  2-10,  having  a  bastate  form  on 
2-6,  the  anterior  third  of  io,  a  longitudinal  lateral  stripe  on  2-10  as 
long  as  the  segments,  not  confluent  with  the  mid-dorsal  stripe  except 
at  the  intersegmental  articulations  and  at  the  base  of  io. 

Anal  vein  (  =  postcostal  of  de  Selys)  separating  from  the  hind  mar- 
gin  (/.  ^.,  wings  ceasing  to  be  petiolated)  distinctly  proximal  to  the 
level  of  the  arculus  and  at,  or  proximal  to,  the  level  of  the  cubito- 
anal  cross-vein.  M,+,  (=  principal  sector  of  de  Selys)  separating 
from  M,  (=  median  sector  of  de  Selys)  2-2  J^  cells  beyond  the  level 
of  the  distai  end  of  the  quadrilateral  on  the  front  wings,  i-ij4  cells 
on  the  hind.  Distance  from  base  to  nodus  14  (front  wings),  12-12. 5 
(hind  wings);  from  base  to  proximal  end  of  stigma  26.5-27  (front), 
24  (hind)  mm.  Quadrilateral  with  one  cross-vein,  except  in  one 
front  wing  and  one  hind  wing.  Median  area  (=  basilar,  Selys)  with 
1-4  (front  wings),  2-3  (hind  wings)  cross-veins.  One  row  of  cells 
throughout  the  entire  second  cubital  area  (=  espace  postcostal,  Selys). 
Two  (in  one  front  wing  3)  basai  subcostai  cross-veins  on  ali  the  wings. 
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Labium  almost  exactly  as  figured  for  Dicterias  atrosanguinea  (Monog. 
Calopt.  pi.  8,  fig.  12). 

Abdomen  35-36  mm.,  hind  wing  28.5-39  mm. 

Habitat,  —  Brazil  :  Chapada,  by  H.  H.  Smith,  2  e?,  one  numbered 
26  by  the  collector.     Carnegie  Museum,  Pittsburgh. 

$ .  Thorax  as  above  described  for  the  males  but  without  any  prui- 
.nosity.  Abdomen  evidently  much  faded,  but  apparently  it  was  of  a 
pale  color  without  black  stripes  or  markings.  Abdominal  segments  8 
and  9  of  nearly  equal  length  dorsally,  io  half  as  long  as  9  with  a  mid- 
doTsal  carina  for  its  entire  length,  hind  raargin  entire.  Appendages  a 
little  longer  than  io,  straight,  simple,  tapéring,  apices  very  acute. 
Genital  valves  reaching  caudad  almost  to  the  level  of  the  hind  end  of 
II  (anal  tubercle),  their  **palps*'  subequal  in  length  to  the  mid- 
dorsum  of  io. 

Venation  as  described  for  the  Chapada  males  except  as  follows: 
point  of  separation  of  M,+,  from  M,  only  one  celi  distai  to  the  level  of 
the  distai  end  of  the  quadrìlateral  on  the  front  wings,  one  cross-vein  in 
the  median  area  of  ali  the  wings,  only  one  basai  subcostai  cross-vein 
on  the  wings  of  the  left  side,  both  front  and  hind. 

Abdomen  33  ;  hind  wing,  29.5  mm. 

Habitat,  — Brazil:  Rio  Sapon,  January  30,  1908,  by  J.  D.  Hase- 
man,  i  ?.     Carnegie  Museum,  Pittsburgh. 

As  will  be  seen  from  the  above  descrìptions,  these  three  specimens 
not  only  combine  some  features  of  H,  amazona  and  of  H,  libera 
Selys,  but  also  differ  in  some  respects,  e,  g, ,  the  extent  of  petiolation 
of  the  wing,  from  the  characters  laid  down  for  the  genus.  So  few 
specimens  of  Heliocharis  have  been  examined,  however,  that  we  are 
not  yet  in  a  position  to  say  which  of  the  venational  differences  are  in- 
dividuai varìations  and  which  represent  more  fundamental  features. 

15.  Chalcopteryz  mtilans  Rambur. 

Prof.  Needham  has  fìgured  the  venation  of  this  brìlliant  species  in 
the  Proceedings  of  the  United  States  National  Museum,  xxvi,  p.  729, 
fig.  22,  1903. 

Habitat.  —  Brazil  :  Apehu,  State  of  Para,  November  i,  1892  [by 
Schultz?],  i  e?.     Collection  of  P.  P.  Calvert  ex.  coli.  Selys. 

Chapada,  by  H.  H.  Smith,  i  ^  and  parts  of  eight  others,  No.  75  . 
Carnegie  Museum,  Pittsburgh. 
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i6.  Euthore  fasciata  inlactea  subsp.  nov. 

e?.  Differs  from  fasciata  type  chiefly  by  the  absence  of  ali  milky- 
white  color  from  the  wings,  the  specimens  appearing  to  be  fully 
mature. 

Front  wings  with  24-26  antenodals,  31-32  postnodals,  a  dark  brown 
band,  the  proximal  edge  of  which  is  straight  and  nearly  transversc  to 
long  axis  of  the  wing»  begins  at  the  tenth  or  eleventh  postnodal  and 
ends  at  the  level  of  the  25th  to  28th  postnodal,  its  distai  edge  less 
regular  and  more  oblique  and  proximal  to  the  stigma;  this  band 
reaches  from  the  anterior  to  the  posterior  margin  of  the  wing,  narrow- 
ing  a  little  posteriorly,  its  extent  along  M,  (s=  nodal  sector,  Selys) 
6-6.5  mm. 

Hind  wings  with  a  similar  band,  the  distai  edge  of  which  is  more 
oblique  and  reaches  to  the  stigma,  and  narro ws  proporti  onally  more 
than  on  the  front  wings. 

Abdomen  35,  hind  wing  26.5  mm. 

Habitat,  —  Perù  :  Piches  and  Perene  Valleys,  2,000-3,000  feet, 
Soc.  Geog.  de  Lima,  2  cf .     U.  S.  National  Museum. 

17.  Ortholestes  Clara  Calvert. 

OrthoUites  tiara  Gilvert,  Entom.  News,  ii,  p.  199,  1891  ;  Proc.  Acad.  Nat.  Sci. 
Phila.,  1893,  p.  380,  fìgs.  I,  2  (venation,  apps.  ^);  McLacblan,  Ann.  Mag. 
Nat.  Hist.  (6),  xvi,  p.  19,  1896. 

This  species  was  originally  descrìbed  from  Jamaica,  and  the  follow- 
ing  species  from  Hayti.  The  late  Mr.  McLachlan  recorded  O,  darà 
from  Hayti,  where  we  should  have  expected  O,  abbotti.  Hi  speci- 
mens came  from  Samana  Bay  ;  two  of  them,  which  he  subsequently 
gave  to  me,  are  before  me  and  I  agree  in  his  identifìcation.  There 
are  also  specimens  from  the  same  locality,  by  Frazar,  in  the  Museum 
of  Comparative  Zoólogy,  Cambridge,  Mass. 

18.  Ortholestes  abbotti  Calvert. 

Ortholestes  abbotti  CaWert,   Proc.  Acad.   Nat.   Sci.    Phila.,   1893,    p.  382,    fig.  3 

(apps.   ^). 
HypoUitis  trinitatis  Hagen,  Proc.   Bost,   Soc.  Nat.  Hist.,  xi,  p.  290,  1867    (no 

description). 

Habitat,  —  Cuba:  by  Poey,  1865,  i  e?  i  9,  numbered  '^  and 
with  the  label  *'  L.  trinitatis  "  in  de  Selys'  hand  ;  i  e?  i  9,  numbered 
y^.  Museum  of  Comparative  Zoòlogy,  Cambridge,  Mass.  Hagen 
(/.  e)  quoted  this  species  in  his  "  Odonate- Fauna  of  the  Island  of 
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Cuba"  as  from  *' Near  the  town  of  Trinidad,  also  at  Bayamo,  in 
July  and  Augusta'  Mr.  McLachlan  (/.  c,y  p.  20)  refers  to  this 
species  as  from  the  ^^  island  oi  Trinidad,"  pcrhaps  erroneously. 

I  can  find  no  differences  between  these  two  females  and  that  of  O. 
darà  from  Jamaica. 

The  genus  OrthoUstes  is,  so  far  as  known,  confìned  to  the  West 

Indies. 

19.  Archilestes  grandis  Rambur. 

ArM/es/es  ^ranJis  Cvlvert,  Biol.  Ccntr.-Amer.  Neurop.,  pp.  46,  350,  1901,  1907. 

Habitat,  —  Colombia  :  Cacagualito  in  Dept.  Magdalena,  Septem- 
ber,  I  e?,  November,  i  ?,  by  H.  H.  Smith.  Carnegie  Museum, 
Pittsburgh. 

Genus  Lestes. 

De  Selys  grouped  the  Neotropical  species  of  Lestes  (excluding 
those  Continental  forms  found  not  farther  south  than  Central  America) 
as  follows  :  * 

Rear  of  the  head  bronze  or  blackish,  iDferior  appendages  of  the  male  long. 

minutus  (Brazil),  sublatus  (Surìnam). 
Rear  of  the  head  yellow,  icferior  appendages  of  the  male  long. 

forficula  (Bra2il],  siriatus  (Venezuela),  spumarius  (Porto  Rico). 
Rear  of  the  head  yellow,  inferior  appendages  of  the  male  short. 

exoUtus   (Brazil),   undu/atus  (Chile),  aurùus  (Brazil),  tricohr 
(South  America), pictus  (Brazil),  ienuaius  (West  Indies,  etc.  ). 

Of  these  eleven  species  I  know  but  six,  which,  with  six  hitherto 
undescribed,  may  be  grouped  under  a  slight  modification  of  de  Selys' 
arrangement  as  follows  : 

Rear  of  the  head  chiefly  dark-colored,  inferior  appendages  of  the  male  almost  or  quìte 
as  long  as  the  superiors. 

scalaris  n.  sp.  (West  Indies),  bipupillaitu  n.  sp.  (Brazìl). 
Rear  of  the  head  chiefly  pale-colored,  inferior  appendages  of  the  male  more  than  half 
as  long  as  the  superiors. 

forficula^  spumarius^  mediorufus  n.  sp.  {^xz£X)  ^  paulistus  n.  sp.  (BraziI). 
Rear  of  the  head  chiefly  pale-colored,  inferior  appendages  of  the  male  half,  or  less 
than  half,  as  long  as  the  superiors. 

pictus t  tricolore  tenuaius,  dichrostigma  n.  sp.  (BraziI),  undulaius, quadri' 
striatus  n.  sp.  (BraziI). 

The  objections  to  such  an  arrangement  are  that  in  some  species  the 
pale  color  of  the  rear  of  the  head  becomes  dark  with  age  and  that  no 
means  of  distinguishing  the  females  of  the  second  and  third  groups  is 
aiforded.     With  at  least  one-third  of  the  South  American  species  un- 

*  Buti.  Acad,  Belg.  (2),  xiii,  pp.  298,  308,  3 IO,  1862. 
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known  to  me,  I  do  not  care  to  undertake  a  revisìon  of  the  neotrop- 
ical members  of  this  cosmopoli tan  genus,  but  I  bave  given  descriptions 
and  fìgures  of  the  pectoral  color  markìngs,  which  seem  distinctive  spe- 
cifìcally,  and  which  appear  to  be  identical,  or  nearly  so,  in  both  sexes 
of  the  same  species.  These  will  aid  greatly  in  the  identifìcations,  I 
hope,  although  they  too  bave  the  disadvantage  of  being  obscured  in 
some  cases  by  pruinosity  in  age. 

3o.  Lestes  scalarìs  sp.  nov. 

(Plate  I»  KiGS.  6,  17,  18.) 

Lestes  scalaris  Hagen,  Proc.   Bost.  Soc.  Nat.   Hist.,  xi,  p.   289,    1867  (no    de- 
scription). 

S  (  Young),  Dorsal  surface  of  head  metallic-green  ;  a  spot  caudo- 
laterad  to  each  lateral  ocellus,  frons,  clypeus,  labrum,  and  genae  pale 
brown  ;  rear  of  head  obscure,  except  around  the  occipital  foramen, 
which  with  the  labium  is  pale  yellow. 

Thorax  pale  yellowish-brown,  each  mesepistemum  with  a  somewhat 
metallic  bluish-brown  stripe,  attaining  the  anterior  mesothoracic  mar- 
gin,  gradually  narrowing  upward  from  .36  mm.  near  its  lower  end  to 
.24  mm.  at  five-sevenths'  length  where  it  abruptly  widens  on  its  outer 
side  to  .5  mm.,  the  outer  edge  thence  continuing  as  a  straight  line, 
the  inner  (mesial)  edge  curving  outward  to  meet  it  at  an  angle  of 
45*^-50®  and  without  quite  reaching  the  antealar  sinus;  at  mid-height 
this  mesepisternal  stripe  is  about  .16  mm.  distant  from  the  mid-dorsal 
carina.  Mesepimeron  with  an  irregular  bluish-brown  stripe  apparently 
composed  of  two  elongated  spots  —  the  upper  the  longer  —  connected 
by  a  line.  The  markings  of  the  pectus  consist  of  an  elongated  dark 
brown  metepimeral  spot  superior  to  the  anterior  end  of  the  latero-ven- 
tral  carina,  a  brown  spot  between  the  two  branches  of  the  posterior  fork 
of  the  same  carina,  and  the  follo wing  brown  metasternal  markings  :  a 
streak  parallel  to  the  latero-ventral  carina  and  lying  posterior  to  the 
level  of  the  anterior  metepimeral  spot,  a  pair  of  round  spots  near  the 
hind  end  of  the  mid-ventral  groove,  and  a  median  posterior  spot. 

Dorsum  of  abdominal  segments  brownish,  with  metallic-blue  reflec- 
tion,  sides  inferiorly  paler,  apical  fifth  or  sixth  of  3-7  forming  a  darker 
ring. 

Superior  abdominal  appendages  yellowish  in  the  proximal  half, 
darker  distally.     (For  description  of  shape  see  next  stage.) 

Legs  yellowish  with  indistinct  darker  lines.  Pterostigma  pale 
brown. 
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e?  (^Older),  Dorsal  and  posterior  surfaces  of  head  dark  metallic- 
green  passing  into  blackish-brown  on  frons  and  nasus  ;  labrum,  exter- 
nal  surfaces  of  mandibles,  and  genae  below  the  level  of  the  frons,  pale 
blue  ;  extreme  free  margin  of  labrum,  lower  sur&ce  of  mandibles, 
labium,  and  borders  of  occipital  foramen  pale  yellow. 

Prothorax  obscure,  reddish.  Thoracic  dorsum  reddish-brown,  sides 
and  pectus  yellow,  mesepisternal  stripes  as  above,  but  dark  metallic- 
green,  mesepimeral  stripe  broken  into  the  two  spots,  dark  metallic- 
green;  pectoral  markings  blackish  as  above,  except  that  the  pair  of  met- 
asternal  spots  are  elongated  and  fused  anterìorly  and  extend  forward 
as  a  blackish  line  into  the  mid-ventral  groove. 

Dorsum  of  abdominal  segments  darker,  retaining  the  metallic-bluish 
reflection,  except  on  the  apical  fifth  or  sixth,  where  it  is  replaced  by 
metallic-green.  A  narrow,  transverse,  basai,  mid-dorsally  interrupted, 
pale  ring  on  3-7. 

Superior  abdominal  appendages  longer  than  io,  not  as  long  as  9, 
blackish-brown,  curved  toward  each  other  in  their  distai  halves.  In 
dorsal  view  the  inner  edge  of  each  appendage  bears  at  one-third  the 
appendage-length  an  acute  tooth  directed  caudad,  followed  by  a  lam- 
ina with  an  almost  straight  non-denticulated  margin  for  about  one- 
fìfth  of  the  length  of  the  appendage,  this  lamina  termi nating  almost  at 
a  right  angle  to  the  appendage  and  succeeded  by  a  concavity,  and  this 
by  a  small  (sometimes  doublé)  tooth  at  seven-tènths  of  the  appendage- 
length,  apex  rounded.  In  profile  view  the  proximal  two-thirds  are 
almost  straight,  the  distai  third  curved  downward. 

Inferior  appendages  nine-tenths  as  long  as  the  superiora,  pale  brown, 
almost  straight,  curved  slightly  toward  each  other,  very  slightly  en- 
larged  before  the  apex  in  dorsal  view  ;  in  profile  view  the  distai  three- 
fìfths  much  more  slender  than  the  proximal  two-fifths. 

Legs  pale  blue  or  yellow,  femora  with  a  superior  and  an  inferior 
longitudinal  black  line,  tibiie  with  an  inferior  longitudinal  black  line, 
tarsi  black.     Pterostigma  blackish  brown. 

(^  {Oldest  sfefi),  Generally  blackish,  except  the  blue  and  yellow 
parts  of  the  head  as  described  for  the  preceding  stage,  the  pectus 
(which  remains  yellow,  although  the  metasternal  streaks  near  the 
latero-ventral  carinse  are  elongated  anterìorly  and  unite  with  the  black 
line  filling  the  mid-ventral  groove),  the  dorsum  of  abdominal  segments 
2-5,  which  show  a  metallic-green  reflection  throughout,  the  ventral 
margins  of  the  tergi tes  of  1-7  which  are  yellow,  most  of  the  inferior 
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surfaces  of  the  femora  and  the  superìor  surfaces  of  the  tibise,  which  re- 
maio  pale  blue  or  yellow  ;  some  pruinosity  on  the  prothorax,  inferìor 
parts  of  the  mesepimeron  and  metapleuron,  and  on  abdorainal  seg- 
ments,  i,  8-10;  the  metallic -green  mesepistemai  and  mesepimeral 
strìpes  are  faintly  visible  amidst  the  surrounding  black.  Rerostigma 
almost  black. 

In  ali  the  above  stages,  the  pterostigma  surmounts  two  cells,  its 
distai  side  is  less  oblique  than  the  proximal  ;  8-10  postnodals  on  the 
front  wings,  8-9  on  the  hind. 

Abdomen  26.5-27  ;  hind  wing  17-18  ;  costai  edge  of  stigma,  front 
wing,  i.i  mm. 

9  unknown. 

Halntat. —  Cuba  :  i  J*,  probably  by  Poey,  collector's  number  J^, 
with  label  *'L.  scalaris"  in  de  Selys*  hand,  the  young  stage  above 
descrìbed  ;  i  e?  by  Gundlach,  1866,  the  older  stage  described,  type  of 
the  species.     Museum  of  Comparative  Zoology. 

Porto  Rico:  Mayaguez,  by  O.  W.  Barrett,  January,  i  ^,  oldest 
stage  described.     Collection  of  P.  P.  Calvert. 

Hagen  in  bis  list  of  Cuban  Odonata  of  1867  (see  ante^  p.  93), 
writes  **  Lesies  scalaris  Hagen.     July  and  August,  flying  over  ponds." 

21.  Lestes  bipuplllatus  sp.  nov. 

(PlATK  I,  FIO.  15  ;   PlATE  II,  FIGS.  21,  22.) 

c?.  Metallic -green  or  bluish-green  except  the  following  :  gense 
below  the  level  of  the  frons,  rhinarium,  labrum,  external  faces  of  the 
raandibles,  sides  inferiorly  of  abdominal  segraents  2-7,*°  a  narrow, 
transverse,  basai,  mid-dorsally  interrupted  ring  on  3-7,"  a  similar 
apical  ring  on  2-4  or  6,"  pale  blue\  labium  cream-colored  ;  nasus 
and  sterna  of  3-7  black  ;  rear  of  head,  prothorax,  a  mid-dorsal  tho- 
racic  stripe  about  .5  mm.  wide,  a  mesepisternal  stripe  slightly  nar- 
rower  and  immediately  bordering  the  humeral  suture,  sides  of  thorax, 
pectus,  abdominal  segments  i,  8-10,  blackish  and  pruinose  ;  legs  yel- 
lowish,  femora  with  two  longitudinal  lines,  tibise  inferiorly  and  tarsi, 
black. 

Superior  appendages  longer  than  io,  not  as  long  as  9,  black,  curved 
toward  each  other  in  their  posterior  halves  ;  in  dorsal  view,  the  inner 
margin  of  each  bears  an  acute  posteriorly-directed  tooth  in  the  first 
fourth,  followed  in  the  second  fourth  by  a  convexity,  the  edge  of 

^^Some  or  ali  of  these  abdominal  markiDgs  may  be  yellow. 
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which  is  very  minutely  dentìculated,  and  a  much  less  marked  con- 
vexity  in  the  third  fourth,  apex  of  the  appendage  rounded  ;  in  profile, 
the  proximal  two-thirds  of  the  appendage  is  straight,  the  distai  third 
slightly  bent  downward. 

Inferior  appendages  black,  as  long  as  the  superiors,  in  profile  each 
is  thick  at  the  base,  rapidly  contracting  to  one-third  length,  whence 
the  remainder  is  slender  and  almost  straight  until  the  distai  fifth, 
which  is  curved  upward  toward  the  superior  ;  in  dorsal  or  ventral 
view  the  basai  third  is  much  wider  than  the  remainder,  which  latter 
very  gradually  tapers  distally,  the  extreme  apex  being  very  slightly 
enlarged  and  rounded. 

Wings  almost  clear;  stigma  almost  black,  or  dark  brown  surmount- 
ing  two  cells,  or  more,  or  slightly  less,  proximal  and  distai  edges  par- 
allel,  paler;  9-1 1  postnodals  on  the  front  wing,  8~io  on  the  hind. 

9 .  Differs  from  the  male  as  follows  :  rear  of  the  head  in  most  of 
the  examples  obscure  and  more  or  less  pruinose,  but  apparently  origi- 
naliy  yellow  in  young  stages  ;  prothorax  pale  brown  with  a  centrai  and 
a  lateral  (blue  ?)  spot,  later  with  a  pair  of  metallic -green  dorsal  spots  ; 
thoracic  dorsum  pale  brown,  a  metallic-green  mesipisternal  stripe 
attaining  the  anterior  mesothoracic  margin  below  and  to,  or  not  quite 
to,  the  antealar  sinus  above,  slightly  narrower  in  its  middle,  where  it 
is  about  .25  mm.  wide  and  distant  from  the  mid-dorsal  carina  by  its 
own  width,  nearer  to  the  carina  at  its  ends  ;  sides  of  the  thorax  yellow- 
ish,  especially  below,  a  mesepimeral  metallic-green  stripe  half  as  wide, 
or  less,  as  the  raesepisternal  stripe,  not  reaching  to  the  antealar  sinus 
or  the  mesinfraepisternum  ;  pectus  yellowish,  an  elliptical  black  met- 
epimeral  spot  on  the  superior  side  of  the  anterior  end  of  the  latero- 
ventral  metathoracic  carina  ;  in  one  female  ali  but  the  hind  fourth  of 
the  mid-ventral  metastemal  groove  is  fìlled  with  a  black  stripe  ;  ab- 
dominal  segment  i,  in  earlier  stages,  apparently  metallic-green  on 
dorsum,  its  sides  and  a  mid-dorsal  basai  spot  yellow  ;  8~io  obscure 
dark  brown,  becoming  pruinose  later,  their  sides  yellowish  ;  abdomi- 
nal  appendages  half  as  long  as  io,  brown  becoming  black  ;  genital 
valves  very  minutely  denticulated,  their  *'  palps  "  reaching  back  to  the 
level  of  the  tips  of  the  appendages,  or  slightly  less  ;  8-1 1  postnodals 
on  the  hind  wing. 

Abdomen  e?  24-29,  ?  23-27;  hind  wing  e?  16-19,  ?  16.5-19; 
costai  cdge  of  stigma,  front  wing  e?  9  1.1-1.25  mm. 

Habitat,  — Brazil:  Chapada,  by  H.  H.  Smith  ;  13  cf  and  parts  of 
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12  others,  6  9  and  parts  of  3?  others,  collector's  number  140;  4  cf 
and  parts  of  3  others,  collector's  number  86.  Carnegie  Museum, 
Pittsburgh. 

Ali  the  males  are  more  or  less  pruinose  and  consequently  mature. 
One  or  two  of  them  give  hints,  that,  when  immature,  their  coloring  is 
nearly  the  same  as  that  described  above  for  the  females. 

The  specific  name  proposed  refers  to  the  pectoral  color-pattern. 

22.  Lestes  spumarius  Selys. 

Habitat, — Cuba:  2  e?;  Museum  of  Comparative  Zoòlogy,  Cam- 
bridge, Mass. 

One  of  these  males,  numbered  y^,  perhaps  by  Poey,  bears  a  label 
''L.  spumarla?  9  "  in  Selys'  hand;  it  has  io  postnodals  on  ali  the 
wìngs  and  is  smaller  than  the  type. 

23.  Lestes  medionifus  sp.  nov. 

(PlATE  1,  FIG.   IO;   PLATE  II,  FIGS.  23,  24.) 

c?.  Younger. —  Borsai  surface  of  head  dull  blackish-brown  ;  rhina- 
rium,  labrum,  external  faces  of  mandibles,  gense  below  level  of  frons, 
pale  blue  ;  labium  and  rear  of  head  yellow. 

Prothorax  brownish  above,  pale  green  on  each  side. 

Thorax  pale  greenish  ;  a  mid-dorsal  reddish  band  about  i .  o  mm. 
Wide  ;  a  short  black  line  on  the  upper  end  of  the  humeral  suture  ;  a 
reddish-brown  stripe,  of  irregular  width  of  .i-,2  mm.,  on  the  lower 
two-thirds  of  the  mesepimeron  ;  a  black  line  on  the  upper  third  of  the 
obsolete  first  lateral  suture,  termi nating  inferiorly  in  a  round  spot. 
Metapleuron  lightly  pruinose,  except  at  the  upper  end  of  metepisternum; 
pectus  yellowish,  an  anterior  metepimeral  black  stripe,  .6  mm.  long, 
above  the  anterior  end  of  the  latero-ventral  carina,  and  a  wider  meta- 
sternal  black  stripe,  1.2  mm.  long,  closeto  and  parallel  to  the  same 
carina,  neither  of  these  stripes  confluent  with  each  other,  nor  with  their 
fellows  of  the  opposite  side. 

Dorsum  of  abdominal  segments  1-5  dark  metallic-green,  becoming 
brown  on  6-10  ;  a  fine  pale  mid-dorsal  line  on  2-6  or  7,  sides  of  1-6 
or  7  inferiorly,  a  narrow  transverse  basai  mid-dorsallyinterrupted  ring 
on  3-6  or  7,  pale  blue. 

Superior  appendages  longer  than  io,  not  as  long  as  9,  curved  toward 
each  other  in  the  apical  third,  pale  brown,  darker  at  the  tips.  In 
dorsal  view,  the  inner  edge  of  each  bears  at  one-fifth  length  a  back- 
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wardly-directed  spine-like  tooth  foUowed  after  a  slìght  interval  "  by  a 
lamina,  the  free  edge  of  which  is  concave  and  spinulose,  and  ends  at 
about  two-thirds  the  appendage-length  in  a  second  spine-like  tooth, 
longer  and  more  acute  than  that  near  the  base,  beyond  which  the 
appcndage  is  raoderately  slender  with  a  blunt  apex  ;  middle  third  o^ 
the  outer  edge  of  the  appendage  denticulate.  In  profile  view  the 
upper  edge  of  the  appendage  is'slightly  concave,  or  almost  straight, 
for  the  proximal  two-thirds,  curved  downward  for  the  apical  third  ; 
the  basai  tooth  and  lamina  of  the  inner  margin  are  visiblé  on  the 
lower  edge,  apex  truncated. 

Inferior  appendages  in  dorsal  view  reaching  to  the  apex  of  the 
second,  more  acute  tooth  of  the  superiors  ;  pale  brown,  abruptly  nar- 
rowed  on  the  inner  edge  at  half-length  ;  distai  half  as  wide  as  proxi- 
mal, of  uniform  width,  or  slightly  enlarged  in  terminal  fourth  ;  apex 
rounded,  with  pale  hairs.  In  profile  view  they  rapidly  taper  to  half 
length;  distai  half  slender,  directed  upward. 

Legs  yellow,  femora  with  a  superior  and  an  inferior  longitudinal 
line,  tibiae  with  an  inferior  longitudinal  line  and  the  tarsi  blackish. 

Wings  almost  clear,  stigma  surmounting  two  cells  or  a  little  more, 
brown  to  dark  brown,  proximal  and  distai  edges  parallel,  paler  ;  10-14 
postnodals  on  the  front  wings,  8-1 1  on  the  hind. 

Older,  —  A  blackish  line  bounding  each  side  of  the  reddish  mid- 
dorsal  thoracicstripe,  beginning  one-third  of  the  way  from  the  anterior 
mesothoracic  margin,  and  ending  at  five-sixths  of  the  way  ;  a  narrow 
black  stripe  along  each  side  of  the  mid-dorsal  thoracic  carina,  but 
leaving  the  carina  itself  pale,  mesepimeral  stripe  blackish.  (Chapada, 
ic?,  abdomen  26.5  ;  hind  wing  16  ;  costai  edge  of  stigma,  front  wing, 
1.2  mm.) 

Oldest  stage  seen,  — Prothorax  blackish  dorsally,  with  a  pair  of 
arcuate  pale  green  stripes  on  the  middle  lobe,  front  lobe  pruinose  ; 
each  of  the  blackish  lines  bounding  the  reddish  middorsal  stripe  of 
the  preceding  stage  widened  to  a  stripe  .  3  mm.  wide  at  mid-height, 
where  ìt  is  distant  from  the  mid-dorsal  carina  by  nearly  .2  mm.,  not 
reaching  the  anterior  mesothoracic  margin  below,  nor  the  antealar 
sinus  above  ;  area  between  the  two  black  stripes  more  greenish  than 
reddish  ;  black  mesepimeral  stripe  continued  down  upon  the  mesin- 
fraepisternum,  metastemal  black  stripe  widened  so  as  to  reach  almost 

^^  Inone  male  referable  to  tbis  stage  there  is  no  interval  and  the  basai  tooth  appears 
to  be  fased  with  and  fonns  the  beginning  of  the  lamina. 
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to  the  mid-ventral  groove  (S.  Paulo,  i  cT,  abdomen  26,  hind  wing  17  ; 
costai  edge  of  stigma,  front  wing,  1.25  mm.). 

$.  Colored  like  the  younger  males  descrìbed  above,  except  as 
follows  :  No  black  lines  on  the  upper  ends  of  the  humeral  and  first 
lateral  sutures,  dorsum  of  abdominal  segments  i-io  pale  brown,  sides 
of  i-io  inferiorly  and  a  narrow  transverse  basai  ring  on  3-7  pale  green 
or  blue.  Abdominal  appendages  not  quite  as  long  as  io,  straight, 
tapering,  pale  yellow.  Genital  valves  minutely  denticulated,  their 
"palps"  reaching  backward  nearly  to  the  level  of  the  apices  of  the 
appendages. 

Dimensions  of  the  younger  males  and  the  female  :  Abdomen  cT 
28.5-29.5,  9  28  ;  hind  wing  cf  18-19,  ?  19  ;  costai  edge  of  stigma, 
front  wing,  1.4  mm. 

Habitat.  —  Brazil  :  Sào  Paulo,  September  14,  1900,  by  A.  Hempel, 
5  e?,  I  9,  collector's  number  302.  Academy  of  Naturai  Sciences  of 
Philadelphia.      (Type.  ) 

Chapada  by  H.  H.  Smith,  i  cf ,  no  number.  Carncgie  Museum, 
Pittsburgh. 

Four  of  the  Sào  Paulo  males  are  those  above  described  as  '*  younger.  *  ' 
It  will  be  noted  that  they  are  largar  than  the  fifth  (oldest)  male  from 
he  same  locality  and  the  Chapada  male. 

24.  Lestes  paulistus  sp.  nov. 

(PlATE  I,  FIG.  14;   PLATE  li,  FIGS.  2$,  26.) 

cf .  Dorsal  surface  of  head  blackish-brown,  a  triangular  pale  blue 
spot  postero-laterad  to  each  lateral  ocellus,  frons  and  nasus  slate-col- 
ored  ;  rhinarium,  labrum,  external  faces  of  mandibles  and  gense  below 
the  level  of  the  frons  pale  blue  ;  labium  and  rear  of  head  cream-colored. 

Prothorax  blue,  a  longitudinal  blackish  siripe  on  each  side.  Thorax 
pale  bluish.  Each  mesepisternum  with  a  metallic-green  stripe  1.5 
mm.  Wide  in  its  lower  half,  above  which  it  becomes  a  mere  line,  again 
enlarging  on  its  outer  (lateral)  side  in  the  upper  third  of  the  sclerite 
into  a  large  spot,  .5  mm.  in  width,  not  reaching  the  antealar  sinus  ;  in 
its  lower  half  this  stripe  is  distant  from  the  mid-dorsal  carina  by  .3 
mm.,  near  its  upper  end  by  .2  mm.  A  blackish  line  on  the  upper 
end  of  the  humeral  suture.  Mesepimeron  with  two  elongated  blackish 
spots  having  some  metallic-green  reflection,  one  above  the  other,  the 
upper  larger.  Pectus  somewhat  pruinose  ;  a  slightly  elongated  black 
anterior  metepimeral  spot  on  the  anterior  end  of  the  Jatero-ventral 
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carina,  and  a  pair  of  small  round  metastemal  spots  near  the  hind  end 
of  the  mid-ventral  groove. 

Dorsum  of  abdominal  segments  2-4  dark  metallic-green,  of  5-10 
blackish-brown,  9  pruinose  ;  most  of  i  (except  a  basai  dorsal  metallic- 
green  spot),  sides  of  2-7  inferiorly,  a  narrow  transverse  basai  ring  on 
3-6,  and  a  fine  mid-dorsal  longitudinal  line  on  2-4,  pale  blue. 

Superìor  abdominal  appendages  longer  than  io,  not  as  long  as  9, 
curved  toward  each  other  in  their  apical  halves,  black.  In  dorsal 
view  the  inner  margin  bears  an  acute  tooth,  directed  caudad,  at  one- 
fourth  length,  followed  by  a  distinct  interval,  beyond  which  the  inner 
margin  again  enlarges  into  a  lamina  with  a  straight  minutely  denticu- 
lated  edge  terminating  without  any  distinct  tooth  where  the  appendage 
contracts  to  its  narrower  terminal  two-fifths,  apex  truncated  and 
rounded.  In  profile  view  the  appendage  is  nearly  straight  in  its 
proximal  two-thirds,  curved  downward  in  its  distai  third. 

Inferior  appendages  paler  brown  ;  in  dorsal  or  ventral  view  barely 
reaching  to  the  hind  end  of  the  lamina  of  the  superiors  ;  abruptly  nar- 
rowed  on  the  inner  (mesial)  side  of  each  ;  distai  half  half  as  wide  as 
the  proximal  half,  of  uniform  width,  moderately  hairy.  In  profile 
view  the  inferiors  taper  less  rapidly  than  in  some  of  the  other  species 
bere  described,  so  that  the  contrast  between  proximal  and  distai  halves 
is  less  marked. 

Legs  pale  yellowish,  femora  with  two  superior  and  inferior  longi- 
tudinal dark  lines,  tibiae  inferiorly  and  tarsi  black. 

Wings  almost  clear,  stigma  surmounting  two  cells  or  less,  with  a  paler 
line  just  inside  the  margins  (except  the  posterior),  proximal  and  distai 
edges  almost  parallel,  lo-ii  postnodals  on  the  front  wing,  9  on  the 
hind.  Dimensions  of  the  type  :  abdomen  28.5;  hind  wing  18; 
costai  edge  of  stigma,  front  wing,  i  mm. 

Variations,  —  A  Cuyabà  male  lacks  the  pale  blue  spots  near  the 
lateral  ocelli,  frons  and  nasus  darker,  some  metallic-green  refiection  on 
the  top  of  the  head  ;  rear  of  the  head,  much  of  the  prothorax,  and  of 
the  under  parts  of  the  thorax  pruinose. 

In  ali  of  the  three  specimens  other  than  the  type,  the  metallic-green 
mesepisternal  stripe,  instead  of  contracting  into  a  line  just  above  its 
middle,  remains  nearly  as  wide  as  in  its  lower  half,  but  widens  at  its 
upper  end  to  the  dimehsion  above  given  ;  it  remains  at  the  same  distance 
from  the  mid-dorsal  carina,  but  tends  to  become  margined  with  black 
in  the  olde^t  ipalA  aj  bairi  (that  from  Cuyabà  the  head  of  which  is  de- 
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scribed  above)  ;  the  upper  of  the  two  mesepimeral  spots  is  pronouncedly 
metallic-green  and  longer,  its  upper  end  reaching  to  the  humeral  suture^ 
although  not  quite  attainìng  the  antealar  sinus  (connected  with  the 
lower  mesepimeral  spot  in  the  oldest  male  from  Cuyabà);  metallic- 
green  of  the  abdominal  dorsum  reaching  back  to  segment  7  so  far  as  the 
abdomen  is  present,  8  also  showing  some  pruinosity,  transverse  basai 
ring  present  also  on  7  ;  8-10  postnodals  on  the  front  wing,  9-10  on 
the  hind  ;  abdomen  27  mm.  ;  hind  wing  T7-18  mm. 

Habitat,  —  Brazil  :  Sào  Paulo,  September  14,  1900,  by  A.  Hempel, 
I  cf,  no  number  (  type) .     Academy  of  Naturai  Sciences  of  Philadelphia. 

Cachoeira,  by  H.  H.  Smith,  i  e?,  coUector's  number  39,  lacks  the 
head.      Camegie  Museum,  Pittsburgh. 

Cuyabà,  by  H.  H.  Smith,  2  e?,  no  number,  one  lacking  the 
abdomen,  the  other  lacking  the  head  and  abdominal  segments  7-10. 
Camegie  Museum,  Pittsburgh. 

25.  Lestes  pietas  Hagen. 

(PLATE  I,  FIG.  II  ;    PlATE  II,  FIGS.  27,  28.) 

Lestes  pietà  Hagen,  Ball.  Acad.  Roy.  Belg.  (2),  xiii,  p.  314,  1862. 

The  supposed  types  of  Hagen  are  before  me,  although  the  abdomen 
of  the  male  measures  36  instead  of  34  mm.  The  **  raie  humérale 
orangée  ''  is  strictly  mesepimeral  and  in  the  female,  as  in  the  male,  is 
"suivie  d'un  espace  brun  jusqu'à  la  première  suture  laterale.'*  The 
pectus  may  have  been  bluish  or  yellowish  ;  there  is  an  elongated  iso- 
lated  metepimeral  black  spot  on  the  anterior  end  of  the  latero-ventral 
carina,  and  a  smaller  blackish  metasternal  spot  farther  posterior  and 
dose  to  the  carina  ;   mid-ventral  groove  black. 

A  female  from  Chapada  may  belong  to  ihis  species  ;  the  differences 
from  the  type  female  which  it  shows  are  at  least  too  slight  to  refer  it 
to  another  species  in  the  absence  of  any  male  with  which  it  might  be 
conspecific.  A  comparison  of  the  type  female  foUows,  the  parentheses 
enclo^ing  statements  concerning  the  type:  abdomen  30  (32)  mm.  ; 
hind  wing  22  (23)  mm.  ;  costai  edge  of  stigma  front  wing  1.3  (1.5) 
mm.;  width  of  head  3.4  (3.7)  mm.;  maximum  width  of  thorax  2.7 
(3.0)  mm.;  sides  of  the  thorax  pale  bluish  (yellow);  dorsum  of  ab- 
dominal segments'  2-6  dark  brown  without  metallic-green  reflection 
(darker,  with  a  slight  metallic-green  reflection)  ;  lo-ii  (12-13) 
postnodals  on  the  front  wings,  io  (12)  on  the  hind. 

In  both  females  the  blackish  mesepisternal  stripe  —  the  "  raie  noi  re 
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presque  contre  la  raic  bleue  juxta-humérale  "  of  the  originai  descrip- 
tion  —  is  of  almost  equal  width  at  mid-height,  .28  mm.  in  the  type, 
.  24  mm.  in  that  from  Chapada,  and  is  situated  at  the  same  distance 
from  the  mid-dorsal  carina,  1.  ^.,  .4  mm.  at  mid-height  ;  abdominal  seg- 
ments  8~io  brown  with  a  mid-dotsal  longitudinal  green  (not 
•'  brune  ")  stripe  ;  the  sides  of  8  for  the  entire  length  of  the  segment 
and  the  middle  two-fourths  of  the  sides  of  9,  pale  green. 

Habitat. — Brazil:  no  definite  locali ty,  i  e?,  i  9  each  with  two 
labels  in  Hagen's  handwriting  "Brazil  Fischer"  and  *'L.  pietà.*' 
Museum  of  Comparative  Zoology,  Cambridge.     Presumed  types. 

Chapada,  by  H.  H.  Smith,  i  ?,  collector's  number  9.  Carnegie 
Museum,  Pittsburgh. 

26.  Lestes  tricolor  Erìchson. 

(PlATK  I,  FIG.  9  ;  PlATE  II,  FIGS.  29,  30.  ) 

Habitat,  —  Brazil  :  Bahia  [?]  i  e?.  Museum  of  Comparative 
Zoology,  Cambridge,  Mass. 

27.  Lestes  tenuatus  Rambur. 

(PlATEI,  FIG.   12.) 

Leites  tenuatus  (jéXvtsX,  Biol.  Centr.  - Amer.  Neurop.,  pp.  48,  50,  352,  1901,  1907. 

Habitat,  —  Colombia  :  Don  Diego  in  Dept.  Magdalena,  by  H.  H. 
Smith,  I  e?.     Carnegie  Museum,  Pittsburgh. 

28.  Lestes  dlchrostigina  sp.  nov. 

(Platb  I,  piG.  8  ;  Plate  II,  FiGS.  31,  32.) 
e?.  Upper  surfacc  of  head  duU  brownish,  rhinarium,  labrum,  outer 
faces  of  mandibles,  gense  below  the  level  of  the  frons  pale  blue  ;  rear 
of  head  and  labium  yellow. 

Prothorax  violaceous,  yellowish  on  each  side  of  the  middle  lobe. 
Thoracic  dorsum  violaceous,  each  mesepisternum  with  a  slender 
metallic-green  stripe  .1-.2  mm.  wide  at  mid-height,  slightly  wider 
above  where  it  does  not  quite  reach  the  antealar  sinus,  attaining  the 
anterior  mesothoracic  margin  below,  parallel  to  and  distant  from  the 
mid-dorsal  carina  by  two  lo  three  times  its  own  width.  Mesepimeron 
pale  violaceous-brown  having  on  the  posterior  margin  a  dark  brown 
stripe  showing  some  metallic-green  reflection, .  3  mm.  wide,  not  reaching 
antealar  sinus,  or  mesinfraepistemum,  this  last  with  a  dark  brown  spot. 
Sides  and  stemum  of  metathorax  pale  yellow,  perhaps  tending  to  pale 
bluish  in  life,  upper  end  of  metepistemum  dark,  blackish  in  older  ex- 
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amples,  the  dark  color  extendìng  farther  down  on  the  anterior  and 
posterior  margins  than  on  the  disk  ;  a  black  anterior  metepimeral  stripe 
uniting  with  its  fellow  of  the  opposite  side  on  the  mid-ventral  line  ; 
a  black  metastemal  stripe,  1.25  mm.  long,  parallel  toand  almost  con- 
tiguous  with  each  latero-ventral  carina,  reaching  farther  forward  and 
backward  than  the  level  of  the  hind  end  of  the  black  metepimeral  stripe, 
but  not  confluent  with  it.  Mid-ventral  thoracic  groove  blackish,  es- 
pecial ly  between  the  bases  of  the  legs,  and  a  small  elongated  black 
metasternal  spot  on  each  side  of  its  hind  end. 

Dorsum  of  abdominal  segments  1-7  bronzy  brown  ;  basai  dorsal 
portion  of  I,  a  fine  mid-dorsal  longitudinal  line  on  2-4,  a  narrow  trans- 
verse  basai  ring  on  3-7  (usually  intemipted  mid-dorsally),  a  similar 
narrower  apical  ringon  3-6,  sides  of  1-6  or  7  inferiorly  (except  on  the 
posterior  sixth  of  3-6  )  yellowish.  Dorsum  of  8-1  o  obscure,  sides  paler . 
Segment  7  different  from  ali  the  others  in  having  a  coat  of  pale  hairs 
reaching  from  one-fourth  to  five-sixths  of  the  length  of  the  segment, 
chiefly  on  the  dorsal  side,  the  hairs  being  one-third  to  one-half  as  long 
as  the  segment  is  thick. 

Superior  abdominal  appendages  twice  as  long  as  io,  longer  than  9, 
not  as  long  as  8,  straight  in  the  proximal  half  or  three-fifths,  curved 
toward  each  other  and  overlapping  in  the  remaining  half  or  two-fìflhs. 
In  dorsal  view  there  is  on  the  inner  edgea  large  blunt  triangular  tooth  oc- 
cupying  the  proximal  half  of  the  appendage,  proximal  edge  of  the  tooth 
a  little  shorter  than  the  distai  edge,  the  latter  terminating  in  a  small 
prominence,  which  at  its  hind  end  forms  almost  a  right  angle  with  the 
appendage  ;  the  remainder  of  the  appendage  at  first  slender,  then  en- 
larging  slightly,  denticulated  externally,  and  terminating  in  a  rounded 
somewhat  hairy  apex.  In  profìle  view  the  upper  margin  in  the  prox- 
imal three-fifths  is  almost  straight,  distai  two-fifths  bent  downward, 
tooth  of  the  basai  half  forming  a  pronounced  inferior  convexity  followed 
bya  tubercle  with  very  little  interval  between  ;  at  about  four-fifths  the 
appendage-length  is  an  elongated  inferior  tubercle. 

Inferior  appendages  about  one-third  as  long  as  the  superiors,  reach- 
ing to  slightly  beyond  the  level  of  the  apex  of  their  basai  tooth,  abruptly 
narrowed  on  the  inner  edge  at  half  their  own  length,  basai  half  three 
to  four  times  wider  than  the  apical  half,  which  latter  is  inclined  toward 
its  fellow  of  the  opposite  side,  but  not  enlarged  at  tip.  In  profile  view 
the  inferiors  taper  rapidly  to  half  their  length,  apical  half  very  slender, 
straight. 
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Legs  yellow,  femora  with  two  dark  longitudinal  lines,  one  inferior, 
the  other  superior,  a  dark  inferior  line  on  the  first  and  second  tibiae. 

Wings  almost  clear,  stigma  surmounting  two  cells,  distai  edge 
slightly  more  oblique  than  the  proximal  edge,  in  younger  examples 
bicolored  —  brown  with  the  distai  third  obliquely  yellowish  —  in  older 
individuals  entirely  brown  ;  10-13  postnodals  on  the  front  wings, 
9-12  on  the  hind. 

? .  Differs  from  the  male  as  follo ws  :  no  coat  of  long  pale  hairs  on 
7  ;  8-10  pale  yellow  or  green  ;  a  brown  stripe  on  each  side  of  dorsum, 
this  stripe  extending  down  on  the  sides  at  the  apex  of  9  and  of  io  ;  a 
darker  inferior  line  on  the  third  tibiae  also  ;  abdominal  appendages  not 
quite  as  long  as  io  is  dorsally,  yellowish  at  base,  brownish  beyond, 
straight  ;  margin  of  genital  valve  minutely  denticulated,  **  palp  "  reach- 
ing  almost  to  level  of  tips  of  abdominal  appendages  ;  pterostigma 
bicolored,  as  described  above  for  younger  males. 

Abdomen:  (^35-36.5,  ?  31-34;  hindwing:  c?9  21-21.5;  costai 
edge  of  stigma,  front  wing,  e?  9  1.4  mm. 

Habitat,  — Brazil :  Sào  Paulo,  September  14,  1900,  4c?,  2  ?,  by 
A.  Hempel,  collector*s  number  301,  Academy  of  Naturai  Sciences  of 
Philadelphia  (type). 

Chapada,  by  H.  H.  Smith,  i  S  No.  183.  Carnegie  Museum, 
Pittsburgh. 

The  Chapada  male  is  much  discolored,  but  the  appendages  and  the 
pectoral  pattern  leave  no  doubt  of  its  belonging  to  this  species. 

29.   Lestes  undulatus  Say. 

(PlATE  I,  FIG.  16;    PlATE  II,  FIGS.  33,  34.) 

Habitat,  —  Brazil:  Rio  Grande  do  Sul,  by  H.  H.  Smith,  i  e? 
(segments  7-10  lacking).     Carnegie  Museum,  Pittsburgh. 

Uruguay  :  Montevideo,  i  ?  ex  Mus.  Berol. ,  Museum  of  Compara- 
tive Zoòlogy,  Cambridge,  Mass. 

Chile:  Baftos  de  Cauquenes,  C.  E.  Reed,  i  ?.  U.  S.  National 
Museum.  Penco,  7  e?  8  ?,  Tolca,  i  e?  i  ?,  Concepcion,  i  e?  2  ?, 
Lota,  ali  in  January,  1905,  by  C.  E.  Reed.  Academy  of  Naturai 
Sciences  of  Philadelphia. 

30.   Lestes  quadristriatuSy  sp.  nov. 

(PLATE  I,  FIG.  13;    PlATE  II,  FIGS.  35,  36.) 

c?.  Vertex,  frons,  and  nasus  blackish-brown  ;  rhinarium,  genae 
below  the  level  of  the  frons,  labrum,  and  external  faces  of  the  mandibles 
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pale  bluish-green  ;  labium  cream-colored  ;  rear  of  the  head  mostly 
pale,  but  somewhat  discolored. 

Anterior  prothoracic  lobe  and  sides  of  the  median  lobe  bluish  ; 
median  lobe  reddish  dorsally  with  some  dark  centrai  markings. 

Thoracic  dorsum  &ded,  probably  bluish  in  life  ;  on  each  side  of  the 
mìd-dorsal  carina  is  a  straight^  dark,  bronze-green  stripe  about  .3  mm. 
wideat  mid-height,  narrower  at  its  lower  or  anterior  end,  which  attains 
the  anterior  mesothoracic  margin,  its  upper  end  not  quite  reaching  the 
antealar  sinus.  Badi  of  these  stripes  is  parallel  to  the  mid-dorsal 
carina,  and  distant  from  it  at  mid-height  by  about  half  its  own  width. 
Sides  of  the  thorax  and  pectus  pale  bluish  ;  along  the  posterior  margin 
of  the  mesepimeron  is  a  black,  slightly  wavy  stripe,  slightly  wider  than 
the  bronze-green  mesepistemal  stripe  above  described,  not  reaching 
to  the  wing-base  above  nor  to  the  mesinfraepistemum  below.  Lower 
end  of  the  mesepimeron  and  corresponding  part  of  mesinfraepistemum 
brownish,  becoming  black  in  part  on  the  kst-named  sclerite.  The 
following  marks  on  the  pectus  are  black  :  the  mid-ventral  metastemal 
suture,  an  oblique  anterior  metepimeral  line,  which  unites,  or  almost 
unites,  anteriorly  with  the  mid-ventral  suture,  and  a  metastemal  stripe 
on  each  side,  parallel  and  dose  to  the  latenti  carina,  unconnected  with, 
and  not  reaching  as  far  forward  as,  the  preceding  oblique  line. 

Abdominal  segment  i  pale  green  ;  dorsum  of  2-8  blackish-bronze, 
which  extends  down  on  the  sides  in  the  posterior  half  of  2,  posterior 
sixth  of  3-5,  or  more  of  6-8  ;  remainder  of  the  sides  of  2-8,  a  narro w, 
transverse,  basai,  mid -dorsally  interrupted  ring  on  3-5  or  6,  a  mid- 
dorsal  longitudìnal  line  or  stripe  on  2,  pale  green  ;  9  and  io  obscure, 
pruinose. 

Superior  abdominal  appendages  longer  than  io,  not  quite  as  long 
as  9,  brown  at  base,  darker  in  their  remaining  four-fìflhs  ;  in  dorsal 
view  curved  toward  each  other  in  the  apical  third  ;  on  the  inner  lower 
margin  of  each,  in  the  second  fìfth  of  the  appendage  length  is  a 
rounded  tooth,  or  convex  projection,  followed  by  a  very  short,  nearly 
straight  edge,  succeeded  by  a  second  convexity,  shorter  and  less  prò- 
nounced  than  the  first,  and  hearing  about  four  acute  denticulations  and 
terminating  at  nearly  two-thirds  of  the  appendage  length  ;  in  profile 
the  two  convexities  above  described  are  also  visible  while  the  apex  is 
bent  downward  so  strongly  as  to  form  almost  a  right  angle  with  the 
superior  margin,  the  extreme  inferior  tip  being  moderately  acute. 
Inferior  appendages  lost. 
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Legs  pale  ;  femora  superiorly  with  two  longitudinal  dark  stripes  ; 
tibiae  inferiorly,  and  most  of  the  tarsi  dark. 

Wings  slightly  cloudy,  stigma  almost  black,  surmounting  two  cells 
(or  slightly  more  or  less),  distai  edge  more  oblique  than  the  proximal, 
12-14  postnodalson  the  front  wings,  12  on  the  hind. 

9 .  Differs  from  the  male  as  follows  :  rear  of  head  distinctly  yellow  ; 
bronze-green  mesepistemal  stripe  only  one-third  as  wide  as  that  of  the 
e?  and  separated  from  the  mid-dorsal  carina  by  a  greater  interval,  1.  e, , 
twice  its  own  width  ;  sides  of  the  thorax  and  pectus  more  yellowish  ; 
black  mesepimeral  stripe  shorter  (half,  or  less  than  half,  as  long  as 
the  sclerite)  and  narrower  (half,  or  less  than  half,  as  wide  as  the 
sclerite)  ;  black  absent  from  the  mesinfraepisternum  in  one  $  ;  less 
blackish-bronze  on  abdominal  segments  2-5  in  that  it  does  not  extend 
on  the  sides  before  the  apex  of  each  (segments  6-10  lost)  ;  11 -14 
postnodals  on  the  front  wing,  10-12  on  the  hind. 

Abdomen  e?  34  mm.  (segs.  1-5,  20  mm.),  9  (segs.  1-5,  19  mm.); 
hind  wing  e?  20,  9  20.5-22  mm.  ;  costai  edge  of  stigma,  front  wing, 
1.3-1.5  mm. 

Habitat, — Brazil:  Chapada,  by  H.  H.  Smith.  The  type,  a 
male,  collector's  number  141,  has  lost  the  head.  One  male  and  two 
females,  collector's  number  84,  bave  lost  abdominal  segments  6-10 
or  2-10  (i  9)  but  appear  to  be  of  the  same  species.  Ali  four  speci - 
mens  in  the  Carnegie  Museum,  Pittsburgh. 

31.  Mecistogaster  omatus  Rarobur. 

Mecistogaster  omatws  Calvert,  Biol.  Ccntr.-Amcr.  Neurop.,  pp.  55,  353,  I901,  1907. 

Habitat.  —  Colombia  :  Don  Diego,  2  9  ;  Bonda,  July,  i  9 ,  Sep- 
tember,  i  9,  November,  i  9,  December,  i  9  ;  Don  Amo,  Novem- 
ber,  I  e?  ;  Onaca,  December,  2  e?,  i  9  ;  Valparaiso,  December,  i  e?  ; 
ali  in  Dept.  Magdalena,  by  H.  H.  Smith.  Carnegie  Museum, 
Pittsburgh. 

These  localities  give  a  vertical  distribution  for  this  species  of  from 
100  to  4,500  feet. 

32.  Mecistogaster  amalia  fiurmeister. 

Mecistogaster  amalia^  Calvert,  Biol.  Centr.-Amer.  Neurop.,  p.  354,  1907. 

Habitat.  —  Brazil  :  Rio  de  Janeiro,  by  H.  H.  Smith,  November, 
I  9,  December,  i  9.     Carnegie  Museum,  Pittsburgh. 

Paraguay:  Sapucay,  by  W.  T.  Poster,  January,  1900  and  1901, 
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I  e?  3   ?,  February,  1900,  3  e?,  March,  1900,  6  e?.     U.  S.  National 
Museum. 

33.  Megapodagrìon  setìgerum. 

Megapodagrion  sttigerum  Selys,  Mem.  Couion.  Acad.  Belg.,  xxxviii,  p.  42,  1886. 

A  male  from  Chulumani  in  Bolivia,  taken  January  5,  1899,  by  W. 
J.  Gerhard  (Academy  of  Naturai  Sciences  of  Philadelphia)  is  smaller 
than  the  types  from  Intaj,  Ecuador,  having  the  abdomen  30  mm., 
hind  wing  24. 5  mm.  ;  there  is  a  supplementary  sector  between  M,  and 
R^  (nodal  and  subnodal  sectors),  not  between  R^  and  M,  (subnodal 
and  median  sectors)  as  the  description  has  it  :  in  this  respect  this 
male  agrees  with  M,  nebulosum  Selys,  if  there  has  been  no  error  in  the 
description  of  setigerum.  Nineteen  postnodals  on  the  front  wings. 
Head  marked  as  in  M,  nebulosum,  Those  parts  of  the  prothorax  and 
thorax,  described  as  **  jaunàtre  pale  "  in  setigerum,  are  pale  blue  ;  dor- 
sum  of  abdominal  segment  i  pale  blue,  its  sìdes  as  well  as  those  of  2-4 
inferiorly  pale  yellow. 

34.  Megapodagrion  nebulosum  Selys. 

Habitat, — Perù:  Piches  and  Perenes  valleys,  2,000-3,000  feet, 
Soc.  Geog.  de  Lima,  i  e?.     U.  S.  National  Museum. 

Bolivia:  Chulumani,  January  5,  1899,  icf;  near  Coroico,  June 
3,  1899,  I  cf  ;  both  by  W.  J.  Gerhard.  Academy  of  Naturai  Sciences 
of  Philadelphia. 

The  male  from  near  Coroico  has  the  abdomen  33  mm.  long,  hind 
wing  27  mm.,  19-20  postnodals  on  the  front  wing.  The  correspond- 
ing  fìgures  for  the  Chulumani  male  are  31,  25,  16-18,  and  for  that 
from  Perù,  ?,  26,  17-18. 

Genus  Heteragrion. 

i.  Males  Tvith  the  inferior  abdominal  appendages  smail,  but 

distinctly  developed, 

35.  Heteragrion  sequatoriale. 

(Plate  III,  FIO.  37.) 

Heteragrion  aqucUoriale  Selys,  Mem.  Couron.  Acad.  Belg.,  xxxviii,  p.  63,  1886. 

Habitat  —  Perù:  Piches  and  Perene  valleys,  2,000-3,000  feet, 
le?,  I  9,  from  Soc.  Geog.  de  Lima.     U.  S.  National  Museum. 

e?.  This  male  is  very  large.  Even  without  the  second  segment  ( which 
has  been  lost)  the  abdomen  measures  48  mm.  in  length,  the  hind  wing  29 
mm.,  so  that  the  latter  organs  would  ''atteignent  le  6e  segment''  ; 
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there  is  but  one  enti  re  celi  and  a  small  part  of  another  between  the 
quadrìlateral  and  the  level  of  the  vein  descending  from  the  nodus  on 
the  left  hind  wing  ;  the  stigma  surmounts  the  equivalent  of  two  cells 
on  the  lefl  wings,  the  front  wings  have  i8  postnodals,  the  maximum 
width  of  the  hind  wings  is  4  mm.  De  Selys'  description  of  the  thorax 
would  appear  to  be  slightly  incorrect,  as  "seconde  suture  laterale" 
is  the  same  as  the  "suture  laterale  mediane  "  and  ought  probably  to 
have  been  "première  suture  laterale"  ;  so  altered,  the  present  male 
agrees  with  the  description  ;  the  tooth  of  the  superior  appendages  is 
not  as  acute  as  in  H,  majus. 

? .  The  specimen  is  teneral,  pterostigma  pale  yellow,  surmounting 
the  equivalent  of  two  cells  or  more,  maximum  width  of  hind  wings 
5  mm.  ;  abdominal  segments  4-6  are  lost,  geni  tal  valves  i  mm.  long, 
cxclusive  of  the  "palps  "  :  hind  wing  30.5  mm. 

36.   Heteragrion  angustìpenne  Selys. 

(PlATE  III,  FIGS.  42,  43.) 

Heteragrion  angustìpenne  Selys,  Mem.  Couron.  Acad.  Belg.,  xxxviii,  p.  64,  1886. 

Habitat,  —  Perù  :  Cumbase,  i  e?.  Collection  of  P.  P.  Calvert, 
ex  colL  R.  Martin. 

Smaller  than  the  type,  abdomen  42,  hind  wing  24.5  mm.,  maximum 
width  of  front  or  hind  wing  3.2  mm.  ;  16  postnodals  on  the  front 
wing  ;  otherwise  agreeing  well  with  the  description,  which  does  not 
include  the  last  three  segments  or  the  appendages,  wherefore  the  fol- 
lowing  :  8  pale  yellow,  some  brown  on  each  side  at  base  ;  9  and  io 
blackish-brown  on  dorsum,  sides  inferiorly  and  ventral  surface  pale 
(yellowish?).  Superior  appendages  twice  as  long  as  io,  as  long  as 
9,  blackish,  almost  identical  in  shape  with  those  of -^.  inca^  n.  sp.  (^. 
z;.).  Inferior  appendages  very  small,  pale  throughout,  their  slender 
apices  directed  upward. 

37.  Heteragrion  inca  sp.  nov. 

(PLATR  III,  FIG.   38.) 

cT.  Dorsal  surface  of  the  head  black  from  the  median  ocellus  back  to 
the  posterior  margin,  frons  and  nasus  golden  yellow  ;  first  two  anten- 
nal  joints,  genae,  lips,  and  rear  of  head  pale  yellow,  but  not  golden  ; 
an  elongate  black  spot  between  each  antenna-base  and  the  adjoining 
eye. 
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Prothorax  obscure  yellowish  with  a  mid-dorsal  longitudinal  black 
strìpe  expanding  on  the  hind  lobe,  but  leaving  the  margins  yellow. 

Remainder  of  thorax  pale  (blue?),  but  with  blackish-brown  pre- 
dominating  on  the  dorsum,  so  that  there  remains  of  the  pale  color  only 
a  narrow  line  (borderìng  the  .4-. 5  min.  wide  mid-dorsal  brown  stripe 
on  each  side,  and  in  front  of  the  anteaìar  sinus)  and  the  posterior 
roesepistemal  margin  to  a  width  of  .3  mm.  Mesepimeron  and  met- 
epistemum  each  with  an  ill-defined  median  brownish  stripe  from  the 
level  of  the  metastigma  upward. 

Abdominal  segment  i  pale  (yellow?),  dorsum  of  2-7  blackish- 
brown,  2-5  with  a  fine  mid-dorsal  longitudinal  yellow  line,  3-7  with 
a  transverse  basai  yellow  ring  and  the  posterior  sixth  with  a  transverse 
black  ring  ;  the  blackish-brown  of  the  dorsum  of  4-7  extends  farther 
down  on  the  sides  in  the  second  and  third  sixths  of  the  length  of 
those  segments  than  in  the  fourth  and  fìfth  sixths,  indeed  completely 
encircles  these  segments  in  the  second  sixth,  so  that  in  ventral  vicw 
each  of  segments  4-7  show  two  yellow  and  two  brown  transverse  areas 
akernating  to  make  four  in  ali  ;  8  pale  yellow  with  a  mid-dorsal  longi- 
tudinal blackish  band  narrowing  posteriorly  to  a  line  at  the  hind  end  ; 
9  and  IO  with  the  dorsum  blackish-brown,  sides  and  under  surface 
yellow. 

Superior  abdominal  appendages  twice  as  long  as  io,  not  so  long  as 
9,  forcipate,  base  not  swollen,  inner  margin  with  a  slight  and  graduai 
convexity  at  one-fourth  length  and  a  tooth  at  three-fifths  length,  apex 
of  tooth  angular,  not  rounded,  but  not  acute  ;  upper  surface  of  the 
appendage  with  a  slight  obli  quely- trans  verse  ridge  above  this  tooth, 
and  with  a  longitudinal  groove  distai  to  this  ridge  almost  to  the  blunt 
and  rounded  apex  of  the  appendage  ;  outer  margin  of  the  appendage 
with  6-7  spines  in  the  distai  half  ;  outer  margins  of  the  appendages 
blackish,  inner  margins  pale  brown. 

Inferior  appendages  pale  yellow,  extremely  short,  their  slender  acute 
apices  directed  upward. 

Legs  obscure  (bluish?)  with  two  dark  transverse  bands  on  the 
femora  and  the  inferior  surfaces  of  the  tibiae  blackish. 

Wings  with  the  cubito-anal  cross-vein  (  =  basai  postcostal  of  de 
Selys)  proximal  to  the  level  of  the  arculus  by  a  distance  subequal  to 
the  total  length  of  the  arculus,  anal  vein  (here  =  inferior  sector  of 
the  triangle  of  de  Selys)  separating  from  the  hind  margin  of  the  wing 
between  the  levels  of  the  cubito-anal  cross-vein  and  arculus,  two  ante- 
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nodal  cells  distai  to  the  quadrilatera!  ;  stigma  dark  brown  with  a  pale 
marginai  line  just  within  the  enclosing  veins,  surmounting  more  than 
two  cells  or  their  equivalent  ;  front  wings  with  18-19  postnodals,  hind- 
wings  with  16  postnodals. 

9 .  DifTers  from  the  male  as  follows  :  Dorsal  surface  of  the  head  pale 
reddish-brown,  a  transverse  black  stripe  on  the  posterior  margin  ;  a 
transverse  black  line  beginning  behind  each  lateral  ocellus,  running 
toward  the  eye  but  forking  before  reaching  it  ;  the  elongate  black  spot 
between  each  antenna-base  and  the  adjoining  eye  described  for  the 
male  is  present,  but  larger,  and  in  the  same  transverse  line  with  these 
spots  is  a  transverse  black  stripe  between  the  two  antennse,  the  three 
thus  formi  ng  a  transverse  black  stripe  from  eye  to  eye  in  front  of  the 
median  ocellus,  but  interrupted  by  each  antenna  ;  frons,  nasus,  gense, 
lips,  and  rear  of  head  yellow,  free  margin  of^  and  a  mid-basal  spot  on,  the 
nasus  black  ;  mid-dorsal  longitudinal  black  stripe  absent  from  the  pro- 
thorax,  but  the  spot  on  the  hind  lobe  almost  as  large  as  in  the  male  ; 
remainder  of  thorax  perhaps  pale  yellow  instead  of  blue  ;  dorsum  marked 
as  in  the  male^  but  with  a  paler  brown  ;  mesepimeral  and  metepisternal 
brown  stripes  on  the  contrary  darker  and  more  sharply  defined  than  in 
the  male  ;  brown  on  the  abdominal  dorsum  paler,  posterior  sixth  of 
6  barely  and  of  7  not  at  ali  darker  than  the  remainder  of  those 
segments  ;  8  with  merely  a  mid-dorsal  longitudinal  black  line  ;  no  dark 
markings  on  9  and  io  ;  abdominal  appendages  longer  than  io,  half 
as  long  as  9,  reddish,  black  at  the  acute  tip  ;  genital  valves  reach- 
ing so  far  backward  as  to  slightly  exceed  the  level  of  the  apices  of  the 
appendages,  their  inferior  margin  minutely  denti  culate  ;  legs  pale 
yellow,  femora  with  a  darker  superior  and  a  darker  inferior  longitudi- 
nal line  or  stripe,  inferior  surfaces  of  tibiae  darker  ;  wings  slightly 
smoky,   distinctly  wider,    17  postnodals  on  the  hind  pair. 

Abdomen  e?  37,  ?  35.5  ;  hind  wing  e?  23,  9  25.5,  its  maximum 
width  (^3.7,  ?  5  ;  costai  edge  of  stigma,  front  wing,  e?  i.i,  ?  1.3, 
posterior  edge  of  same  e?  1.6,  9  1.8  mm.  Genital  valves,  9  3  nim. 
long. 

Habitat,  —  Perù  :  Iquitos,  Staudinger,  i  cT  ,  i  9 .  Museum  of 
Comparative  Zoòlogy. 

This  pair  closely  resemble  the  descriptions  of  H,  icterops  Selys,  but 
differ  therefrom  in  the  longer  abdomen  of  the  male  {icterops  32  mm.), 
pterostigma  surmounting  more  than  two  cells  (less  than  two  cells  in 
icterops^ y  in  having  no  black  between  the  antennse  in  the  male  (in 
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icterops  male  :  ^  '  entre  lesquelles  [antennes]  le  noir  du  dessus  de  la  téle 
dessine,  devantles  ocelles,  une  doublé  échancrure''),  inferior  append- 
ages  of  the  male  entirely  yellow  (in  icterops ^  *'  fìnissant  subitement  en 
pointe  noire  "). 

From  the  descriptions  of  If,  ctquatoriaU  Selys  and  H,  angustipenne 
Selys,  this  pair  difTer  by  the  shorter  abdomen  of  the  male,  tooth  of 
the  superior  appendages  not  acute  (acute  in  equatoriale,  not  in  angus- 
tipenne), black  of  the  upper  surface  of  the  head  of  the  male  not  ad  vane - 
ing  to  the  upper  surface  of  the  frons  (as  it  does  in  angustipenne, 
although  not  in  equatoriale) , 

The  length  of  the  genital  valves  of  the  female  appears  to  be  unu- 
sual  in  this  genus.  Hagen  had  given  the  manuscript  name  of  inca  to 
this  species,  but  published  no  description,  and  this  name  has  already 
been  employed  in  an  anatomical  paper  (Higgins,  Proc.  Acad.  Nat.  Sci. 
Phila.,1901,  p.  137,  pi.  Ili,  fig.  18)  when  referring  to  material  obtained 
from  the  types  here  and  now  described  (not  2  e?  as  stated,  /.  e,). 

38.  Heteragrlon  flavldorsum  sp.  nov. 

(PlATE  III,  FIG.  41.) 

J*.  Differs  from  H,  inca  n.  sp.  {q,  «/.),  as  follows:  hind  lobe  of 
prothorax  entirely  black  ;  pale  color  of  the  thorax  yellow,  the  narrow 
yellow  line  bordering  each  side  of  the  mid-dorsal  black  stripe  has  dis- 
appeared,  except  at  its  upper  end  and  in  front  of  the  antealar  sinus  ; 
dorsum  of  abdominal  segment  i  chiefly  blackish-brown,  the  fine  mid- 
dorsal  longitudinal  yellow  line  on  3-5  or  6  has  expanded  on  the  ante- 
rior  five-sixths  of  3  and  on  the  second  to  fifth  sixths  of  4-5  or  6 
into  a  dorsal  yellow  stripe  of  almost  the  full  width  of  the  segments, 
which  stripe  is  bounded  laterally  by  a  blackish-brown  line,  thus  sep- 
arating  the  dorsal  yellow  from  the  ventral  yellow  ;  transverse  basai 
yellow  rings  of  3-7  obscure,  apparently  interrupted  by  black  mid-dor- 
sally  ;  ventral  surface  of  7  brown  throughout  ;  mid-dorsal  longitudinal 
blackish  stripe  on  8  confined  to  the  anterior  half  of  the  segment  ; 
superior  appendages  as  long  as  9,  tooth  on  the  inner  margin  situated 
at  two-thirds  of  the  appendage-length  ;  apices  of  inferior  appendages 
blackish  ;  legs  brown,  femora  yellow  inferiorly,  tibiae  and  tarsi  black- 
ish ;  17-18  postnodals  on  the  front  wing,  16-17  ^^  the  hind. 

Abdomen  40.5;  hind  wing  24.5,  its  maximum  width  4.0;  costai 
edge  of  stigma,  front  wing,  .9,  posterior  edge  of  same  1.3  mm. 

Habitat. — Bolivia:  Nine  miles  from  Coroico,  May  19,  1899,  by 
W.  J.  Gerhart,  i  J".     Academy  of  Naturai  Sciences  of  Philadelphia. 
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0(  the  differcnccs  givcn  above  from  If.  inca  those  due  to  an  in- 
creased  area  of  black  might  conceivably  be  the  results  of  age,  but  no 
such  explanatioD  will  account  for  the  wide  dorsal  yellow  stripes  of  3-5 
or  6. 

I  had  first  identified  this  male  as  H,  mquatoriaUy  but  neither  the 
description  of  that  species,  nor  the  male  which  is  referred  to  it  on  page 
107^  give  any  indications  of  the  lateral  blackish  line  on  segments  3-5 
or  6  which  separates  the  dorsal  yellow  from  the  ventral  yellow  of  those 
segments  ;  the  tooth  on  the  inner  margin  of  the  male  of  H,  inca  is 
much  less  acute  than  in  H,  (equatoriale,  Both  of  these  difTerences 
may  be  bridged  over  when  a  larger  series  of  specimens  is  available. 
ii.  Males  with  the  inferior  abdominal  appendages  undeveloped, 

39.  Heteragrion  triangulare  Hagen. 
(Piate  III,  fig.  39.) 
Heteragrion  triangulart  Hagen,  Bull.  Acad.  Roy.  Belg.  (2),  XIV,  p.  32,  1862; 
Selya,  Mcm.  G)iiron,  Acad.  Belg.  xxxviii,  p.  58,  1886. 

A  complete  male  of  this  species  has  never  been  describcd,  and  de 
Selys  was  uncertain  whether  the  imperfect  male  which  he  referred 
bere  in  1886  beionged  to  the  species  of  1862  or  not.  A  description  of 
specimens  which  seem  to  be  conspecifìc  with  the  type  female  foUows. 

cf.  Pale  reddish-brown  with  the  following  blackish  markings  :  a 
band  on  the  labrum  (leaving  the  free  margin  and  a  short  streak  on  each 
side  pale  ;  in  the  youngest  male  only  a  centrai  round  spot  is  blackish), 
the  nasus,  most  of  the  upper  surface  of  the  head  from  and  including 
the  first  antennal  joint  back  to  the  posterior  margin  (leaving  pale 
colored  a  stripe  running  from  each  lateral  ocellus  forward  and  outward 
to  the  eye  of  the  same  side,  and  a  shorter  trans  ve  ree  isolated  streak 
each  side  a  little  posterior  to  the  level  of  each  lateral  ocellus  much 
nearer  to  the  eye  than  to  the  ocellus),  a  narro w  median  perpendicu- 
lar  stripe  on  the  anterior  surface  of  the  frons  connecting  the  black  of 
the  nasus  with  the  black  of  the  upper  surface  of  the  head,  front  lobe  of 
the  prothorax  (except  for  two  minute  dots),  a  band  in  the  mid-dorsal 
groove  of  the  middle  lobe  confluent  with  a  transversely  elongated 
elliptical  spot  on  the  middle  of  the  hind  lobe,  a  mid-dorsal  thoracic 
stripe  .4  mm.  wide  at  mid-height,  a  mesepisternal  stripe  almost  as  wide 
at  its  upper  end  as  the  sclerite  but  abruptly  narrowed  on  its  outer 
(lateral)  side  at  nearly  mid-height  to  half  its  former  width  (this 
mesepisternal  black  stripe  is  completely  separated  from  the  black  an- 
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tealer  sinus  and  mid-dorsal  strìpe  by  a  pale  yellowish  line,  but  is  con- 
fluent  at  tts  lower  end  with  some  black  on  the  anterìor  mesothoracic 
raargin  with  which  the  mid-dorsal  strìpe  is  also  confluent) ,  amesepimeral 
strìpe  not  reaching  the  wing-base  above,  widening  inferìorìy,  subequal 
in  width  to  the  pale  area  separating  it  from  the  black  mesepistemal 
strìpe,  faint  traces  of  markings  on  the  upper  ends  of  metepistemum 
and  metepiroeron,  a  short  oblique  stieak  just  above  the  metastigma  in 
the  oldest  nude,  a  small  bilobed  dorsal  spot  on  abdominal  segment  i, 
some  indistinct  marks  on  each  side  of  the  dorsum  of  2,  a  terminal 
transverse  rìng  on  the  posterior  sixth  of  3-6,  the  posterior  margin  of 
IO,  the  superìor  abdominal  appendages,  a  superìor  and  an  inferìor 
longitudinal  stripe  on  the  femora,  the  inferìor  surface  of  the  tibiae  and 
much  of  that  of  the  tarsi.  Abdominal  segments  3-7  bave  a  transverse 
basai  yellow  ring  between  which  and  the  terminal  blackish  rìng  (on 
3-^)  most  of  the  segments  are  brown  dorsally,  except  for  a  fine  mid- 
dorsal  longitudinal  yellow  line,  although  this  brown  is  much  paler  in 
the  fourth  and  fifth  sixihs  of  4-6  than  in  the  basai  halves  of  those  seg- 
ments ;  most  of  7  is  brown,  paler  posteriorly,  8-10  brownish-yellow. 

Superìor  abdominal  appendages  not  as  long  as  9,  twice  as  long  as 
IO,  forcipate,  apex  obtusely  rounded,  basai  fourth  swollen,  especially 
inferìorly,  but  also  superiorly  and  interiorly,  inner  margin  at  half-length 
with  a  stout  tooth  obliquely  truncated  at  tip,  visible  both  in  dorsal  and 
in  profile  views,  outer  margin  in  the  apical  third  with  four  spines. 
Inferìor  appendages  undevcloped. 

Rerostigma  of  the  usuai  shape,  dark  brown,  surmounting  two  cells 
or  more.  Front  wings  with  18-22  postnodals,  3  {62)4  per  cent.)  or 
2  (37j^  per  cent.)  antenodal  cells  distai  to  the  quadrilateral.  Hind 
wings  with  16-19  postnodals,  2  (87 J^  per  cent.)  or  3  (  12  j4  per  cent.) 
antenodal  cells  distai  to  the  quadrìlateral.  On  ali  the  wings  the 
cubito -anal  cross-vein  (=  basai  postcostal  of  de  Selys)  is  dose  to  the 
arculus,  being  proximal  thereto  by  less  than  the  total  length  of  the 
arculus  ;  point  of  separation  of  vein  A  (=  postcostal  of  de  Selys)  from 
the  hind  margin  of  the  wing  only  slightly  distai  to  the  level  of  the 
proximal  end  of  the  quadrilateral,  or  at  that  level,  or  even  slightly 
proximal  thereto. 

9.  Dull  yellow  replacing  pale  reddish-brown  of  the  male,  pale 
stripes  on  upper  surface  of  head  more  extended,  those  from  the  lateral 
ocelli  to  the  eyes  confluent  in  front  of  the  median  ocellus,  hind  lobe 
of  prothorax  more  produced  posterìorly,  its  centrai  black  spot  circular. 
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mesepistemal  black  stripe  narrower,  its  lateral  edge  ill-defìned,  a  black 
stripe  on  each  side  of  the  dorsum  of  abdominal  segment  2  for  almost 
its  whole  length,  brown  oa  the  anterior  five  sixths  of  3-7  almost  black, 
not  paler  in  the  fourth  and  fìfth  sixths,  a  mid-dorsal  longitudinal 
yellow  line  on  2-9  (not  2-7  as  in  the  originai  description  of  1862), 
a  transverse  basai  yellow  ring  on  2-7  (not  2-9  as  in  the  originai 
description)  ;  on  the  sides  of  2-8  below  the  dorsal  blackish  is  a  longi- 
tudinal yellowish  stripe  confluent  with  the  transverse  basai  yellow 
ring,  ending  posteriorly  at  the  transverse  black  ring  on  3-7,  and 
below  this  yellowish  stripe  is  a  similar  blackish  stripe  ;  9  is  brown 
with  an  oblique  lateral  yellow  band  running  from  the  anterior  margin 
backward  and  upward  so  as  to  be  confluent  with  the  posterior  end  of 
the  mid- dorsal  longitudinal  yellow  stripe  already  mentioned;  io  yel- 
lowish, dorsum  brown,  its  entire  posterior  margin  armed  with  about 
14  spinules  rauch  longer  and  stouter  than  those  of  any  other  segment. 
Appendages  longer  than  io,  very  acute,  brown.  Geni  tal  valves  yellow, 
lower  margin  with  curved  serrations. 

Front  wings  with  18-20  postnodals,  2  antenodal  cells  distai  to  the 
quadrilateral.  Hind  wings  with  15-16  postnodals,  2  antenodal  cells 
distai  to  the  quadrilateral. 

Abdomen  e?  40,  9  32;  hind  wing  e?  25-26,  9  26-27;  costai 
edge  of  stigma,  front  wing  J*  i-i.i,  9  1.2  ;  posterior  edge  of  same 
stigma  e?  1.5-1.8,  9  1.8-2  mm. 

Habitat,  —  Brazil,  Chapada,  by  H.  H.  Smith,  i  e?  collector's 
number  44,  i  e?  No.  109  (lacks  abd.  seg.  8-10),  2  e?  lacking  ab- 
domens,  i  9  lacking  abd.  seg.  4-10,  i  9  lacking  head. 

The  type  (female)  oi  H.  triangulare  vìbs  from  "  Brésil  meridionale 
(Schott).  (Mus.  de  Vienne.)" 

40.  Heteragrion  attrantiacum  Selys. 

(Plate  III,  FIO.  40.  ) 

Habitat. — Brazil:  Rio  de  Janeiro,  by  H.  H.  Smith,  i  e?  and 
parts  of  3  e?,  November,  2  9 ,  December,  i  9  and  part  of  one  other. 
Carnegie  Museum,  Pittsburgh. 

Paraguay:  Sapucay,  by  W.  T.  Poster;  November,  1899,  4  cT 
(No.  22),  December,  1899,  4  e?  (No.  22),  i  9  (No.  58),  January, 
1900,  I  9  (No.  58).     U.  S.  National  Museum. 

I  am  not  certain  whether  ali  these  specimens  belong  here  or  not, 
but  they  agree  better  with  the  description  of  H,  aurantiacum  than  with 
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that  of  any  other  species.  The  originai  descrìption  of  1862  does  not 
mention  a  line,  at  first  brown  but  black  in  later  life,  which  appears  on 
the  outer  side  of  the  yellow  line  bordering  each  side  of  the  black  mid- 
dorsal  thoracic  carina. 

Genus  Perilestes. 

The  presence  of  one  male  and  of  parts  of  one  male  and  two  females 

from  Chapada,  by  H.  H.  Smith,  in  the  Camegie  Museum  coUection, 

and  referable  to  this  genus,  has  resulted  in  drawing  up  the  foUowing 

comparisons. 

Males, 


P.  fragUis  ?  Hagen 

P,  cornuta^  Selys, 

''  P.fragilis?'' 

(Cbapada  2  ^    as 

Mem.  Couron. 

ofBiol.  Centr.-Amer. 

above).     (Piate  3, 

Acad.  Belg. 

Neurop.^.  409.  1908. 

figs.  44.  45.  Piate 

xxxviii,  p.  68. 

(z     $    Surubres    in 

8,  fig.  140.) 

886.     (Selys' 

Costa  Rica).     (Piate 

Vein  Mia(  =  ultra- 

descrìption.  ) 

IV.,Sg.64.) 

nodal   iector   of 

de  Selys)  begin- 

ìng 

Under,   or  at   the 

3-4cells  prozimal 

1-2    cells    proximal 

level  of  the  dis- 

to  the  level  of 

to  the  level  of  the 

Ul  edge  of  the 

the  stigma 

stigma. 

stigma. 

Postnodals,  front 

wìng 

11-12 

14-15 

13 

Labrum 

pale  blue 

black 

pale  brown 

Nasus 

pale  blue,  black  at 
base 

brown 

pale  brown. 

Abdominal  seg- 

metallic-green,  a 

chiefly  yellow  0- 

(like  cornuta) 

ment  2 

mid-dorsal  line 

chre  with  a  dorsal 

and  sides  infe- 

black  band 

riorly  yellow 

Abdominal  seg- 

no  ante-apical  yel- 

a broad  basai  and 

{y\\i^  cornuta) 

ments  3-6  with 

low  ring,  but 

an  anteapical  yel- 

with a  narrow 

low  ring 

basai  yellow  ring 

Superior  append- 

at  one-third  length 

basai  half  strongly 

(damaged  and  distort- 

ages,  in  dorsal 

a  lamellate  ob- 

dilated,  flattened, 

ted,    more  like   cor- 

view, having 

liquely  truncated 

this  dilation  end- 

nuta^ 

tooth  directed 

ing  suddenly  at  a 

caudad,  notform- 

right  angle,  the 

ing  a  rìght  angle 

angle  prolonged 

with  the  append- 

inferìorly  as  an 

>2  By  analogy  with  Lestes^  this  name  shouid  be  comutus. 
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Legs 


Ventral  sarface  oi 
thorax 


age  nor  present- 
ing  the  appear- 
anoe  of  an  acute 
spine  inanyyiew, 
followed  by  a 
slìght  obtiise 
tooth  at  nearly 
one-half  the  ap- 
pendage-length, 
this  latter  tooth 
preceded  and  fol- 
lowed by  a  con- 
cavity,  the  distai 
concavity  fol- 
lowed by  a  longer 
convexity  ending 
at  seven-eigbths' 
length,  apex 
moderately  acute. 

yellowish,  knees 
and  upper  surface 
of  tibise  brown- 
ish  or  blackish 

reddish-yellow, 
pale  green  in  the 
center 


Length  of  abdo-        46 
men  in  mm. 

Length  of  hind  21 

winginmm. 


acute  spnae,  ter- 
minal half  of  the 
appendage  eo- 
larged  in  its  mid- 
dle intemally, 
then  a  little  re- 
tmcted  at  the 
apez,  whicfa  ìs 
hairy 


black,  tibiae  ezter- 
nally  brown, 
tarsi  red 

black 


47 


yellow 


48 


23-25 


Hind    margin 
prothorax 

Mja  beginning 


Females, 

P.  fragilis  ì  Hagen,     P,  cornuta  Sdys 

Bull.  Acad.  Belg. 

(2)  xiv,  p.  31, 

1862 

(Chapada,   29   as     (From  Selys'    de- 

above)  scriptìon) 

of    convex,     without    hearing  at  the  mid- 

any  hom  or  process  die  a  sraight  cylin- 
drical,  completely 
erect  hom 

from  one  celi  prox-     [not  stated  ;  as  in 

imal  to  stigma  to        male?] 

under  the  stigma 


23 


P,  attenuata  Selys, 
Mem.  Counm.  Acad. 
Belg.  xxxviii,  p.  68, 
1886.     (From  Selys' 
description) 

forming  at  the  middle 
only  a  slight  tuberete, 
and  not  an  erect  stalk 

at  level  of  the  vein 
[  =  proximal  end  ?] 
of  the  stigma 
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PostDodals,    front      14 

wing 
Black  ray  on  sec- 
ond  lateral  thoracìc 
suture 

Pale  antetenninal 
yellow  ring  on  ab- 
dominai    segments 

3-6 

Black  rings  on 
femora 


do. 


▼erj  narrow 


very  indistinct,  al- 
most  absent 


Length  of  abdomen 
in  mm. 

Length    of    hind 
wing  in  mm. 


very   ìndi&tìnct 
absent 


(broken) 


(  feet  yellow  ;  in- 
terior of  femora  and 
of  tibise  absent) 

40-42 


21-24 


two 


41 


22 


It  seems  fairly  certain  that  the  pair  which  de  Selys  doubtfully  re- 
ferred  Xofragilis  Hagen  in  1886,  and  for  which  he  suggested  the  alter- 
native name  of  cornuta^  are  nolfragilis.  It  is  possible  that  the  Porto 
Rican  male  above  described  may  also  be  cornuta;  it  agrees  better 
therewith  than  wiih/ragi7ts.  Finally  attenuata  Selys  may  not  be  spe- 
cifically  distinct  from  the  trwtfragilis  Hagen. 

Genus  Argia. 

As  is  to  be  expected  in  any  considerable  collection  of  Odonata  from 
tropical  Continental  America,  large  numbers  of  specimens  belongìng 
to  this  genus  are  before  me,  some  of  them  representing  species,  which 
seemingly  were  not  described  by  de  Selys.  On  the  other  band,  some 
of  the  forms  which  he  and  Hagen  enumerated  in  1865  are  not  to  be 
found  among  the  present  material,  so  far  as  I  can  see. 

To  assist  in  the  identifìcation  of  members  of  this  difficult  genus  and 
to  correlate  the  South  American  species  with  those  from  Mexico  and 
Central  America,  a  synopsis  of  the  principal  color  characters  and  of 
some  of  the  structural  features  is  herewith  presented.  As  far  as 
possible  the  same  expressions  and  the  same  letters  for  indicating  the 
divisions  of  this  key  bave  been  employed  as  were  used  in  the  Biologia 
Centrali -Americana,  volume  Neuroptera,  pages  69-74  and  358-361. 
One  difference  must  be  noted,  however.  In  the  *  Biologia,  '  the  black 
humeral  stripe  was  said  to  be  **  forked  above  '*  when  *'  a  dark  mesep- 
imeral  stripe  is  fused  with  the  humeral  stripe  proper  at  its  lower,  but 
not  its  upper,  end*'  (/.  ^.,  p.  69).     It  has  seemed  better,  bere  and 
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now,  to  apply  the  expression  "forked**  to  the  dark  humeral  stripe 
whenever  it  divìdes  into  two  diverging  branches,  one  on  the  humeral 
suture,  the  other  runnìng  up  on  the  mesepimeron. 

I  repeat  the  statement  of  the  '  Biologia  '  that  the  chief  specifìc  char- 
acters  are  furnished  by  the  abdominal  appendages  of  the  males  and  the 
mesostigmal  laminae  of  the  females,  although,  owing  to  the  difficulty 
of  describing  these  structures  accurately  and  brieflyy  recourse  is  had 
chiefly  to  fìgures  rather  than  to  words  in  the  attempt  to  make  them 
known. 

Key  to  South  American  Speciss  of  Argia  Mentioned  in  this  Article.    . 

Males, 
I.  Total  area  of  dark  colors  on  abdominal   s^ments  3-6  and  thoracic  dorsum 
greater  than  the  total  pale  area  on  the  same  parts. 
I.  Thoracic  dorsum  not  brìlliantly  metallic. 
A.  Labrum  pale. 

B.  Pale  colors  on  dorsum  of  3-6  limited  to  a  transverse  basai  ring  and 
at  most  a  fine  mid-dorsal  line  ;  rear  of  head  chiefly  black. 
C.  Abdominal  segment  8  mostly  black  on  dorsum. 
D  (  not  represented  ) . 

DD  Abd.  segment  9  mostly  black  on  dorsum,  anterior  half  to 
fourth  of  its  dorsum  pale,  superìor  appendages  not  bifid 

at  tip translata, 

ce.   (not  represented). 

ecc.  Abdominal  segments  8  and  9  pale  on  dorsum. 
a.  (not represented). 

aa.  Abd.  seg.  3  with  the  basai  sixth  or  less  blue,  remainder 
of  the  dorsum  black,  3  antenodal  cells  on  the  hind 
wings. 
b,  Inferior  appendages  bifid,  abd.  segs.  8  and  9  with  an 
inferìor  longitudinal  black  stripe  each  side. 

reclusa. 
BB.  Pale  colors  on  dorsum  of  3-6  consisting  of  a  transverse  basai  ring 
and  a  mid-dorsal  stripe  on  some  or  ali  of  them,  tapering  pos- 
teriorly,  8  mostly  blue  on  dorsum. 
F.  Superìor  appendages  distinctly  bifid,  inner  branch  much  longer 
than  the  outer. 
Rear  of  head  black,  black  humeral  strìpe  not  forked. 

sordida, 
Rear  of  head  chiefly  pale,  black  humeral  strìpe  forked  in  its 

upper  half  to  third. .fosteri, 

FF.  Superìor  appendages  varìously  formed,  but  not  distinctly  or 
deeply  bifid. 
d,  Antenodal  cells  on  the  front  wing  usually  more  than  3. 
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Inferìor  appendages  in  profile  view  with  the  lower  branch 

forming  a  finger-like  tapering  process  projecting 
caudad  and  curved  up  at  tip  ;  3  antenodal  cells  on 
hind  wings. 
Larger  species   (abd.    25-29.5,  bind   wing   20-22 
mm.  )»  mesepimeron  cbiefly  pale  brown. 
Mesepimeron  without  a  black  spot  on  the  lowest 
fourthbut  with  a  pale  brownish  stripe,  haring 
some  bronzy -green  reflection,  extending  from 
the  lower  end  of  the  humeral  suture  almost 
to  the  upper  margin  of  the  sclerite.. ^^r^^^ir^f. 
Mesepimeron  with  a  black  spot  on  its  lowest 
fourth  as  wide  as  the  pale  antehumeral  stripe, 
remainder  of  sclerite  {tele  brown. 

gerhardi  nigrior, 
Smaller  species  (abd.  23.5,  hind  wing  16.5  mm.)  ; 
a  black  humeral  stripe  coverìng  nearly  ali  of  the 
mesepimeron,  of  subuniform  width,  not  forked. 

kokama, 
Inferìor  appendages  shaped  otherwise. 

Mid-dorsal  pale  color  on  abd.  segs.  3<-6  a  blue  stripe, 

3  antenodal  cells  on  the  hind  wing oculata. 

Mid-dorsal  pale  color  on  3  a  stripe,  very  short  or 
reduced  to  a  line  or  absent  on  4-6. 
Inferior  appendages  with  lower  branch  (seen  in 
profile  )  acutely  pointed,  projecting  caudad 
distinctly  beyond  the  upper  branch  and 
beyond  the  superior  appendages,  3  ante- 
nodal cells  on  the  hind  wings. 
Superior    appendages    strongly    declined, 
reaching  beyond  the  upper  branch  of  the 

inferìors  „.mo//is, 

Superìor  appendages  not  or  little  declined, 
not  reaching  caudad  as  far  as  the  tip  of 
the  upper  branch  of  the  inferìors. 

dijffici/is. 
Inferìor  appendages  with  lower  branch  not 
acutely  pointed,  projecting  but  little  be- 
yond the  level  of  the  upper  branch. 
Mesepimeral  branch  of  the  forked  humeral 
strìpe  not  reaching  to  the  upper  margin 
of  that  sciente,  a  short  black  line  on  the 
upper  end  only  of  the  second  lateral 
thoracic  suture  ;  3  antenodal  cells  on  the 

hind  wing hasemanù 

Mesepimeral  branch  of  the  forked  humeral 
strìpe  reaching  to  the  upper  maxg;in  of 
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that  sclerite,  a  narrow  black  stripe  on 
the  CDtire  length  of  the  second  lateral 
thoracic  suture  ;  4  antenodal  cells  on  the 

hind  wing tamoyo. 

dJ,  Antenodal  cells  on  the  front  wing  usually  3  (but  some 
mollis  belonging  properly  under  d,  fall  bere). 
e.   Mid-dorsal    thoracic    black  stripe    at    least  a  little 
wider  than  either  pale  antehumeral  stripe. 
Rear  of  head  chiefly  black. 

Larger  species  (abd.  24  mm.  or  longer,  hind 
wing  18  mm.  or  longer). 
Pale  dorsal  colors  of  abd.  segs.  4-6  reduced 
to  a  line  or  absent.  (Some  reelusa  fall 
bere  although  properly  belonging  under 
B). 
Pale  dorsal  colors  of  4-6  more  than  a  line  ; 
black  humeral  stripe  forked  in  its  upper 
tfaìrd  to  two-fiftbs,  lower  branch  of  in- 
ferior  appendages  more  acute  than  the 
upper,   the    latter    not  directed  at  ali 

caudad smithiana, 

Smaller  species  (abd.  22.5  mm.  or  less,  hind 
wing  15.5  mm.  or  less)  ;  abd.  segs.  4-7  with 
the  pale  mid-dorsal  color  reduced  to  a  line  or 

absent ihisma, 

Rear  of  the  head  chiefly  pale,  abd.  segs.  1-7  clear 
blue  violet,  3-7  with  a  terminal  black  ring,  abd. 
36,  hind  wing  19-20  mm.     (From  de  Selys'  de- 

scription) liiacina. 

ee,  (not  represented). 
A  A  (not  represented). 
2.  Thoracic  dorsum  brìUiant  metallic  copper. 

G.  Labrum  chiefly  metallic  copper  at  least  in  its  basai  half  ;  apical  half,  or 
only  its  front  edge,  yellow  ;  lower  branch  of  the  inferior  ap- 
pendages less  robust  than  the  upper  branch. 
H.  (not  represented). 
HH.  Abd.  segs.  3-7  black  on  dorsum,  basai  half  of  3<-6  blue,  8-10 

blue  on  dorsum jocosa. 

HHH.  Abd,  segs.  3-6  blue  on  dorsum  apical  third  to  sixth  black,  7 
black  with  a  basai  blue  ring,  8-10  blue  on  dorsum. 

cupraurea, 
GG.  Labrum  yellow  or  orange  throughout;  lower  branch  of  inferior  ap- 
pendages as  robust  as  the  upper  branch,  or  more  robust. 
J.  (not  represented). 

JJ.  (modified).     Abd.  segs.  3-7  black  on  dorsum  with  a  narrow  trans - 
verse  basai  blue  ring,  8-10  blue  on  dorsum orichalcem  ?, 
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II.  Total  «rea  of  dark  colora  oo  abdominal  segments  3-6  and  thoracic  dorsnm  Uss 
than  the  pale  areas  on  the  same  parts. 
I.  Dorsum  of  abd.  seg.  7  chìefly  black,  rear  of  head  chiefiy  black,  postbasal 
black  streaks  on  3-6,  8  and  9  blue,  with  an  inferior  black  strìpe  on 
each  side. 
K.  Inferior  appendages  longer  than  high  at  apex,  deeply  excised  at  tip. 
L.  Black  mid-dorsal  thoracic  strìpe  wider  than  the  carina. 
Pale  colors  blue. 
tincHpmnis  and  chapadcs  (  for  their  dtfTerences  see  under  the 
\K\Xtx,  posteà). 

Pale  colors  violaceous bétacudo, 

LL.  (  not  represented  ) .  ' 
KK.  Inferior  appendages  higher  at  apez  than  long. 

Black  mid-dorsal  thoracic  strìpe  wider  than  the  carìna tupi, 

Black  mid-dorsal  thoracic  strìpe  reduced  to  a  lineupon  the  carìna  only. 

subapicalis. 
«•»  3.»  4«  (not  represented), 

Females, 

2 1.  Dorsum  of  abdominal  segments  3-6  mostly  black. 

A.  Dorsum  of  abd.  segs.  8  and  9  pale  with  black  markings. 

B.  These  markings  consisting  of  two  strìpes  occupying  only  the  basai  half 
(more  or  less)  of  8  and  9. 
C.  (not  represented). 

ce.  These  strìpes  more  or  less  confluent  with  each  other. 
ce.  I.  Antenodal  cells  on  the  front  wing  4. 
D.  (  not  represented  ) . 
DD.  Mesepistemal  tubercles  absent. 

DD.  I.  Antenodal  cells  on  the  hind  wing  4. 

Pale  antehumeral  strìpe  one-half  as  wide  (or  less) 
as  the  black  mid-dorsal,  no  mid-dorsal  blue  strìpe 

on  abd.  segs.  4-6,  rear  of  head  black sordida. 

Pale  antehumeral  strìpe  three-fourths  as  wide  (or 
more)  as  the  black  mid-dorsal  blue  strìpe 
presenton  the  greater  part  of  the  length  of  4-5 

or  6,  rear  of  head  chiefly  pale fosteri, 

DD    2.  Antenodal  cells  on  the  hind  wing  3. 

E.  A  pale  mid-dorsal  strìpe  on  abd.  segs.  3-5. 
Mesepimeral  part  of  the  humeral  strìpe  black. 
Abd.  seg.  IO  black  on  dorsum  with  a  pair 
of  pale  spots,  mesepimeral  branch  of  the 
black  humeral   strìpe  reaching   to  the 

upper  margin  of  the  sclerìte oculata» 

Abd.  seg.  IO  blue,  mesepimeral  branch  of 
the  black  humeral  strìpe  not  reaching  to 
the  upper  margin  of  the  sclerìte. 
^  kasemani. 
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Mesepimeral  part  of  the  forked  humeral  stripe 
pale  brownish,  abd.  seg.  io  black. 

gerhardù 
££.  A  pale  mìd-dorsal  stripe  on  abd.  segr.  3  only, 
or  a  mere  line  on  3<-6. 
F.  Abd.  seg.  io  pale  on  dorsum. 

F.  I.  Labrum  largelyor  wholly  black,  me- 
sostigmal  lamina  erect  and  pro- 
jecting,  mesepimeral  branch  of 
the  black  humeral  stripe  reachtng 
to  the  upper  marginof  the  sclerite. 
difficilis, 
F.  2.  Labrum  pale,  mesostigmal  lamina  a 
carina  forming  the  anterìor  margin 

of  a  groove moliis» 

FF.  Abd.  seg.  io  black,  labrum  pale,  mesep- 
imeral branch  of  the  humeral  stiipe  pale 
brown, 

Some^^r^r^f .     (  See  above  under  E.) 
ce.  2.  Antenodal  cells  on  front  and  hind  wings  3. 

Black  of  frons  reaching  down  to  nasus,  mid-dorsal  blue  on  3 

and  4  a  mere  line tincHpennis. 

Black  of  frons  reaching  only  as  far  down  as  the  level  of  the 
first  antennal  joint  or  not  so  far,  mid-dorsal  blue  on  3  and  4 
a  stripe. 

Black  humeral  stripe  of  subuniform  width,  not  forked,  but 

enclosing  a  very  small  pale  spot  superìorly....3o/^rW#. 

Black  humeral  stripe  widening  considerably  in  its  upper 

third,  which  is  forked,  humeral  branch  more  than  a 

line chapada^ 

Black  humeral  stripe  widening  in  its  upper  third  on  half, 
which  is  forked  ;   humeral  branch  hardly  more  than  a 

line smithiana, 

BB.  (  not  represented) . 

BBB.  These  markings  consisting  of  two  stripes  as  long  as  8  and  nearly  as 
long  as  9. 
BBB.   i.  Antenodal  cells  5  on  the  front  wing,  4  on  the  hind. 
G.  Mesepistemal  tubercles  well>developed. 

H.  Abd.  seg.  io  pale  with  a  pair  of  dark  spots  on  the  dorsum. 

transitata, 
HH.  Abd.  seg.  io  pale,  unspotted  on  dorsum. 
J.  (not  represented). 

JJ.  Thoracic  dorsum  and  usually  the  vertex,  nasus,  and 
labrum  also,  with  a  coppery-red  reflection. 

cupraurea  (and  cuprea)» 
«GG.  Mesepistemal  tubercles  absent. 
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b,  Mesepimeral  black  strìpe  reaching  upward  to  or  almost  to 
the  upper  margin  of  the  sclerite,  dark  colors  on  head 
and  thorax  with  scmie  metallic  reflection. 

orichalcea  (and  cttieà), 
bb.  (not  represented). 
BBB.  2.  Antenodal  cells  4  on  both  front  and  hind  wings  ;  inner  edge 
of  mesostìgmal  lamina  continued  caudad   as  a  flattened 

ridge,  rear  of  head  chiefly  pale iralaù 

BBB.  3.  Antenodal  cells  more  often  3  on  ali  the  wings. 

Black   humeral  strìpe  not    interrupted    or  forked,  abd.  segs.  3 

and  4  chiefly  Tiolaceous botacudo, 

Black  humeral  strìpe  interrupted,  a  shorter  part  on  the  upper  end 
of  the  humeral  suture,  a  longer  and  diverging  mesepimeral  part, 
3-4  chiefly  black  dorsally  with  a  pale  median  line 

Some  reclusa  will  fall  bere.     (See  also  below.) 

AA.  Dorsum  of  abd.  seg.  8  chiefly  black,  of  9  as  in  B  or  BBB,  a  pale  mid- 

dorsal  line  on  3-6. 

A  A.  I.  Abd.  seg.  io  pale  on  dorsum,  no  mesepistemal  tubercles...r^r/Ma. 

AA.  2.  Abd.   seg.  io  chiefly  black  on   dorsum,   mesepistemal   tubercles 

present translata. 

{II.  (not  represented.) 

41.   Argia  translata  Hagen. 

Calvert,   Biol.  Centr.-Aroer.  Neurop.,   pp.    76,  361,  pi.  IV,  figs.   18,  30,   30  x. 
1902,  1907. 

Colombia:  Benda,  in  Dept.  Magdalena,  July,  i  ?,  August,  6  e? 
I  ?,  September,  i  e?  i  ?,  October,  i  rf,  November,  i  ?.  H.  H. 
Smith.     Carnegie  Museum,  Pittsburgh. 

Three  of  these  females  (August,  September,  November)  bave  the 
nasus  chiefly  or  wholly  black,  the  fourth  (July)  has  it  black  posteri - 
orly  ;  ali  four  bave  a  perpendicular  black  line  connecting  the  black  of 
frons  and  of  nasus. 

42.  Argia  reclusa. 

(Platb  IV,  FIO.  66.) 

Argia  reclusa  Selys,  Bull.  Acad.  Belg.  (2)  xx,  p.  395,  1865.      Hagen  and  Calvert» 
Bull.  Mus.  Comp.  Zofil.,  xxxix,  p.  114,  pi.  2,  figs.  200,  20b  ($  apps.),  1902. 

cf .  In  raost  of  the  examples  from  Chapada  and  in  that  from  Sapu- 
cay,  the  black  of  the  frons  extends  between  the  antennae  broadly  down 
to  the  nasus  ;  in  six  specimens  from  Chapada  and  the  two  from  Sete 
Lagoas  the  black  is  constricted  for  a  shorter  or  longer  distance  to  a 
perpendicular  median  line,  but  widens  again  at  the  fronto-nasal  suture  ; 
the  longer  the  constriction  the  less  black  on  the  anterior  surface  of 
the  first  antennal  joint,  which  joint  is  entirely  black  in  those  speci- 
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mens  in  which  the  black  is  not  constrìcted  but  extends  broadly  down 
to  the  nasus.  Almost  the  whole  nasus  and  labrum  blue.  Prothorax 
with  a  round  blue  spot  on  each  side  of  the  dorsum  of  the  middle  lobe, 
and  each  lateral  end  of  the  hind  lobe  is  blue.  The  pale  (blue)  ante- 
humeral  stripe  was  descrìbed  by  de  Selys  as  not  reaching  to  the  upper 
margin  of  the  sclerite,  but  it  does  reach  there  in  ali  the  present  mate- 
rial ;  its  upper  end  is  decidedly  narrower  and  has  in  some  specimens 
almost  entìrely  faded  out,  and  the  Selysian  type  may  have  been  just 
8uch  an  example  ;  at  mid-height  the  pale  antehumeral  stripe  is  from 
two-fìfths  to  one-fourth  as  wide  as  the  black  mid-dorsal.  Much  varia- 
tion  exists  in  the  black  humeral  stripe,  even  in  those  males  from  Cha- 
pada  which  have  not  the  black  of  the  frons  constricted  ;  the  humeral 
stripe  varying  from  a  condition  in  which  it  is  as  wide  as  the  pale  ante- 
humeral at  mid-height  and  is  of  subuniforra  width  almost  to  the  upper 
end  of  the  mesepìmeron,  through  conditions  in  which  it  is  narrower 
and  forked  in  the  upper  part  of  its  extent,  the  humeral  branch  reach- 
ing the  upper  end  of  its  suture,  the  mesepimeral  branch  falli ng  far 
short  of  the  upper  margin  of  its  sclerite,  to  those  where  the  stripe  is 
broken  into  two  separated  parts,  a  shorter  on  the  upper  end  of  the 
humeral  suture,  a  longer  diverging  from  the  lower  part  of  that  suture 
and  running  upward  on  the  mesepimeron  to  about  two-thirds,  or  less, 
of  the  height  of  that  sclerite,  tapering  upward  to  an  acute  point.  The 
black  stripe  on  the  second  lateral  thoracic  suture  is  often  sharply  de- 
fìned.  Abdominal  segments  4-6  may  havea  fìne  pale  mid-dorsal  line  ; 
8-10  have  an  inferior  black  stripe  on  each  side  as  long  as  the 
segments. 

9  (not  hitherio  descrìbed).  Differs  from  the  male  as  follows:  In 
only  one  specimen  does  the  black  of  the  frons  extend  broadly  down 
between  the  antennae  to  the  nasus  ;  in  ali  others  it  is  more  or  less  con- 
stricted or,  in  four  out  of  twenty-five  heads  from  Chapada,  the  black 
of  the  frons  is  separated  from  the  black  line  on  the  fronto-nasal  suture 
by  pale  ochre,  which  color  generally  replaces  the  blue  of  the  male  on 
head  and  thorax.  In  ali  the  present  material  the  black  humeral  stripe 
is  in  the  last  of  the  conditions  described  above  for  the  male,  /'.  ^., 
broken  into  a  shorter  upper  humeral  portion  and  a  longer  lower  mese- 
pimeral portion,  the  latter  reaching  upward  to  from  three-fifths  to 
five-sixths  of  the  height  of  the  sclerite,  but  never  attaining  the  site  oì 
the  first  lateral  thoracic  suture,  nor  curving  backward  at  its  upper  end  ; 
black  line  on  the  second  lateral  thoracic  suture  of  variable  length. 
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The  dorsal  violet  spot  of  abdominal  segment  2,  which  at  ìts  widest  in 
the  male  is  more  than  half  as  wide  as  the  segment,  is  heie  reduced  to 
a  stripe  never  more  than  one-third  as  wide  as  the  segment  and  often  stili 
narrower.  The  dorsal  surface  of  abdominal  segment  8  is  black  for  its 
entire  length  in  most  of  ^he  ten  specimens  in  which  this  segment  is 
present,  this  solid  black  oorsum  evidently  due,  as  some  examples  show, 
to  a  fusìon  of  two  longitudinal  strìpes  along  the  mid-dorsal  line,  each 
dorsal  stripe  also  fusing  for  a  variable  part  of  its  length  from  the  an- 
terior  end  backward  with  the  adjoining  inferior  latenti  black  stripe 
present  also  in  the  male;  each  dorsal  black  stripe  is  occasionally 
broken  into  a  stripe  foUowed  by  a  black  spot  at  the  hind  end  of  the 
segment.  Abdominal  segment  9  has  a  pair  of  dorsal  black  spots  or 
short  stripes  extending  from  the  anterior  end  to  one-half  or  three-fifths 
of  the  length  of  the  segment,  confluent  with  each  other  only  at  the 
extreme  base,  but  each  one  confluent  to  a  greater  extent  with  the  ad- 
joining inferior  lateral  black  stripe,  which  latter  usually,  but  not  always, 
reaches  to  the  hind  end  of  the  segment;  io  pale  (blue?)  with  no 
black  markings.  In  the  male  the  inferior  lateral  margin  of  the  abdom- 
inal segments  is  pale  yellowish  or  bluish,  except  at  the  hind  end  of  each 
segment,  there  beiog  no  black  lines  or  stripes  on  1-7  distinct  from  the 
dorsal  black  ;  the  females  agree,  although  the  inferior  lateral  pale  color 
is  rather  wider. 

In  both  sexes  an  interrupted  pale  transverse  occipital  line  may,  or 
may  not,  exist  between  the  right  and  lefl  postocular  spots. 

Dimensions  :  Abdomen  d*  26-28  (Chapada),  28-29  (Sete  Lagoas), 
30.5  (Sapucay),  $  25.5-28  (Chapada);  hind  wing  cf  18-20  (Cha- 
pada), 20.5-21  (Sete  Lagoas),  21.5  (Sapucay),  9  19. 5-21. 5  (Cha- 
pada) mm. 

Habitat:  Brazil,  Chapada,  by  H.  H.  Smith,  15  e?*  and  parts  of  20 
others,  some  numbered  48,  83,  no,  woa  and  112,  8  $  and  parts  of 
21  others,  some  numbered  47  and  in,  some  dated  May  ;  Sete  Lagoas, 
Mìnas  Geraes,  by  J.  D.  Haseman,  May  6,  1908,  2  J^.  Camegie 
Museum,  Pittsburgh. 

Paraguay,  Sapucay,  by  W.  T.  Poster,  January  16,  1903,  i  e?  num- 
bered 33  (others  numbered  33  belong  to  A,  fosteri  and  A,  tkisma). 
United  States  National  Museum. 

The  variations  in  the  form  of  the  black  humeral  stripe  of  ^.  reclusa 
resemble  some  of  the  conditions  found  in  A,  mollis»  This  is  especially 
trae  of  the  females,  and,  although  four  antenodal  cells  are  more  fre- 
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quently  found  on  the  front  wing  of  mollis  and  three  on  that  of  reclusa^ 
yet  not  rarely  individuals  of  the  one  specìes  possess  this  character  of 
the  other.  The  foUowing  appear  to  be  more  Constant  features  sepa- 
rating  the  females  :  reclusa  female  has  a  small  but  distinctly  developed 
mesostìgnìal  lamina  (see  pi.  IV,  fìg.  66)  whìch  ìs  distinctly  visible  as 
a  projection  when  the  thorax  is  examined  from  the  side  in  profìle 
view  (the  homolog  of  the  lamina,  see  page  135,  in  mollis  not  visibly 
projecting),  no  black  marks  on  the  nasus  other  than  al  the  fronto-nasal 
suture,  the  dorsal  black  stripes  on  abdominal  segment  8  usually  reach- 
ing  the  whole  length  of  the  segment.  Compare  also  the  descriptions 
of  the  black  humeral  stripe  in  mollis  and  reclusa  females. 

43.  Argia  sordida. 

Argia  sordida  Hagen,  Bull.  Acad.  Belg.  (2)  xx,  p.  387,  1865.  Hagen  &  CaWert, 
Bull.  Mus.  Comp.  Zodl.,  xxxix,  p.  114,  pi.  i,  fìg.  20  1  labium),  pi.  2,  figs.  3, 
3tf  (appendages  ^  ),  23  (mesostigmal  laminse  9  )>  1902. 

The  only  existing  description  of  the  colors  of  this  species  —  the 
originai  one  of  1865  —  is  comparative  only  and  so  brief  as  to  gìve 
little  information,  wherefore  the  following,  based  in  part  on  some  of 
Hagen's  cotypes. 

cT-  Kear  of  the  head  black.  Pale  antehumeral  stripe  three-fìfths  as 
Wide  as  the  black  mid-dorsal.  Black  humeral  stripe  not  forked  above, 
gradually  widening  from  above  downward  ;  at  mid-height  one  third  to 
one  fourth  as  wide  as  the  pale  antehumeral.  A  short  black  mark  at 
the  upper  end  only  of  the  second  lateral  thoracic  suture.  Abdominal 
segment  2  violet,  with  a  black  stripe  on  each  side  from  anterior  to  pos- 
terior  end,  which  stripe  just  before  the  hitter  end  widens,  so  as  to 
approach  closely,  but  not  meet,  its  fellow  of  the  opposite  side  on  the 
dorsum  ;  3-7  black,  with  a  transverse  basai  blue-violet  ring  prolonged 
on  3  as  a  mid-dorsal  stripe  tapering  posteriorly  to  four-fìfths  of  the 
segment,  prolonged  on  4  similarly  to  one-fourth  of  the  segment, 
while  on  7  the  ring  is  mid-dorsally  ìnterrupted  with  black;  8-10 
dorsally  pale  brown  in  the  dried  specimens  (blue?  in  life),  theirsides 
black  from  end  to  end,  the  black  more  extensive  at  the  hind  end, 
especially  on  8,  where  it  approaches  that  of  the  opposite  side  on  the 
dorsum,  fìnally  meeting  it  at  the  extreme  hind  end  of  the  segment  or 
in  the  hindmost  sixth  ;  or  on  io  the  black  may  so  invade  the  dorsum 
as  to  leave  only  two  small  pale  spots  thereon.  Compared  with 
Hagen's  fìgures  cited  above,  the  inferior  appendages  seen  in  profìle 
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are  less  deeply  bilobed  at  the  apex  than  shown  in  his  figure  3^,  with 
the  result  that  the  lower  lobe  or  branch  is  less  acute. 

The  male  from  Sao  Sebastiào  has  the  blue-violet  mid-dorsal  stripe  on 
3  reaching  to  only  two-fìfths  of  the  segment  and  no  mid-dorsal  stripe 
on  4,  but  otherwise  it  seems  like  the  others. 

9.  Differs  from  the  male  as  follows:  A  pale  stripe  bordering  the 
eyes  posteriorly.  Pale  anthumeral  stripe  nearly  half  (or  two-fìfths  in 
one  Rio  Janeiro  $  )  as  wide  as  the  black  mid-dorsal  at  mid-height,  the 
black  humeral  stripe  half  to  nearly  as  wide  as  the  pale  antehumeral  at 
the  same  level.  Black  lateral  strìpes  of  abdominal  segment  2  meeting 
on  the  dorsum  in  the  first,  sixth,  and  eighth  eighths  of  the  segment's 
length,  so  that  the  blue  on  the  dorsum  is  limited  to  an  elliptical  spot 
reaching  from  the  ^econd  to  the  fìfth  eighth  inclusive,  and  a  smaller 
isolated  spot  or  dot  in  the  seventh  eighth.  Transverse  basai  blue  ring 
on  3-7  mid-dorsally  interrupted  with  black  ;  blue  mid-dorsal  longitudi- 
nal  stripe  on  3  reaching  back  to  two-thirds  or  three-fourths  of  the  seg- 
ment's  length,  but  not  confluent  with  the  transverse  basai  blue  ring  ;  no 
mid-dorsal  blue  stripe  on  4.  8-10  predominantly  black,  pale  brown 
(blue?  in  life)  forminga  posterior dorsal border  to  8  and 9  theanterior 
margin  of  which  is  straight  on  9,  but  trilobed  on  8,  the  middle  lobe 
tapering  forward  to  nearly  the  basai  fourth  of  the  segment,  or  trilobed 
on  both  8  and  9,  the  middle  lobe  soon  becoming  a  mere  line  prolonged 
forward  mid-dorsally,  or  this  middle  lobe  prolonged  forward  as  a 
wider  stripe  almost  to  the  base  of  9  and  to  the  basai  fourth  of  8  ;  dorsum 
of  10  may  be  chiefly  pale  or  wholly  black.  Mesepisternal  tubercles 
cannot  be  said  to  be  present  in  this  species  ;  only  a  very  low  con- 
vexity  occupies  the  site  of  each.  Three  Nova  Friburgo  females  have 
longer  abdomens  (31  mm.),  two  of  the  Rio  de  Janeiro  examples  have 
shorter  hind  wings  (24  mm.)  than  the  previously  published  dimensions 
admit. 

Ali  the  wings  of  ali  the  specimens  listed  below  have  four  antenodal 
cells  distai  to  the  quadrilateral  (except  5  in  one  front  wing  of  i  Rio 
de  Janeiro  ?  )  and  in  ali  the  pterostigma  surmounts  more  than  one  celi 
—  rarely  as  much  as  two  cells. 

Habitat:  Brazil,  Nova  Friburgo  in  Rio  by  Beschke,  cotypes  of 
Hagen,  4  e?  2  9.  Museum  of  Comparative  Zoólogy.  i  cT  2  9. 
Collection  of  P.  P.  Calvert,  ex  coli.  P.  R.  Uhler. 

Rio  de  Janeiro,  in  November  and  December,  by  H.  H.  Smith,  z  9 
and  parts  of  2  others.     Carnegie  Museum. 
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Sao  Sebastiào  in  1900  by  A.  Hempel,  i  cT*  Academy  of  Naturai 
Sciences. 

The  originai  description  states  that  this  species  is  ''  Presque  sembable 
kVA.  Claussemi,**  after  which  remarle  some  differences  from  clauss^nii 
are  given,  without  any  mention  of  the  abdomen.  The  abdomen  ofciaus- 
senii  is  descrìbed  as  blue,  ''Les  segments  2^-8^  terminés  et  bordés 
latéralement  de  noir.  Cette  couleur  occupant  plus  d'espace  sur  les 
demiers."  One  might,  therefore,  have  expected  a  larger  area  of  blue 
on  the  abdomen  of  sordida  than  examination  of  the  cotypes  descrìbed 
above  proves  to  be  actually  the  case. 

44.  Argia  fosteri  sp.  nov. 

(PlATE  IV,  FIGS.  58,  69,  69J.) 

(^.  Rear  of  the  head  chiefly  pale,  with  distinctly  less  or  almost  as 
much  black  around  the  occipital  foramen.  Pale  (blue)  antehumeral 
strìpe  half  to  three-fìfths  as  wide  as  the  black  mid-dorsal.  Black  hu- 
meral  strìpe  forked  in  its  upper  half  or  third,  both  branches  of  the 
fork  reaching  to  the  upper  margin  of  the  sclerite  ;  below  the  fork  the 
humeral  strìpe  is  a  little  wider  than  the  pale  antehumeral.  A  brown 
line  on  the  whole  length  of  the  second  latenti  thoracìc  suture  except 
at  the  upper  end  which  is  black.  Abdominal  segment  2  blue,  with  a 
black  stripe  on  each  side  from  end  to  end,  widened  mesad  at  four-fìfths 
of  the  segment' s  length  toward,  but  not  meeting,  its  fellow  of  the  op- 
posite  side,  the  mid-dorsal  blue  on  the  anterior  part  of  the  segment 
being  half  as  wide  as  the  segment,  or  the  right  and  left  black  stripes 
may  fuse  on  the  dorsum  for  the  hindmost  third  of  the  segment  and  the 
mid-dorsal  blue  on  the  anterior  two-thirds  is  reduced  in  width  ;  often 
from  the  inferior  edge  of  each  lateral  black  stripe  there  extends  back- 
ward  (caudad)  an  oblique  fork  or  branch  toward  or  to  the  inferìor 
margin  of  the  segment  at  about  two-thirds  of  its  length.  Abdominal 
segments  3-7  black,  with  a  transverse  basai  blue  rìng  which  on  3-5  or 
6  is  produced,  taperìng  backward,  as  a  mid-dorsal  strìpe  reaching  to 
two-thirds  or  one-half  of  3,  one-fourth  to  two-fifths  of  4,  and  one- 
fifth  of  5  and  6  ;  the  inferior  lateral  margins  of  3-7  narrowly  blue, 
except  in  the  hindmost  fourth  to  sixth  of  each  segment  ;  8-10  blue, 
with  an  inferìor  black  strìpe  on  each  side  as  long  as  the  segments,  or 
not  occupying  the  most  anterior  third  of  8  ;  in  some  a  pair  of  poste- 
rìor  dorsal  black  spots  on  8. 


\ 


Digitized  by 


Google 


Calvert:   Odonata  of  the  Neotropical  Region.        129 

Wings  yellowish  throughout;  stigma  with  the  distai  side  more 
oblique  than  the  proximal. 

cf  {immature).  DifTers  from  the  preceding  description  in  having 
very  little  dark  color  on  the  rear  of  the  head,  excepting  the  transverse 
blackish  stripe,  which  bounds  the  pale  postocular  spots  posteriorly  ; 
only  the  upper  end  of  the  huraeral  branch  of  the  humeral  fork  is  indi- 
cated  by  a  brownish  spot  ;  abdominal  segment  2  marked  as  in  the  first 
case  above  described,  no  oblique  branch  from  the  lateral  black  stripe  ; 
the  black  markings  of  the  adult  are  generally  bronze-green. 

? .  DifTers  from  the  male  as  foUows  :  Rear  of  the  head  as  described 
for  the  immature  male  ;  pale  (blue)  antehumeral  stripe  at  mid-height 
three-fourths  as  wide  to  nearly  as  wide  as  the  black  mid-dorsal  ;  black 
humeral  stripe  below  the  fork  subequally  wide  to  two-thirds  as  wide  as 
the  pale  antehumeral  ;  abdominal  segment  2  marked  as  in  the  second 
case  described  above  for  the  male,  no  inferior  oblique  branch  from  the 
lateral  black  stripe,  although  in  some  specimens  an  isolated  round  brown 
spot  appears  to  represent  it  ;  transverse  basai  blue  ring  on  3-7  much 
narrower,  mid-dorsally  interrupted  with  black  in  some  specimens,  a 
narrow  blue  mid-dorsal  stripe  on  3-5  or  6,  extending  from  the  transverse 
basai  pale  ring  (or  from  just  behind  it,  when  it  is  interrupted)  to  two- 
thirds  or  three-fourths  of  the  length  of  each  segment  ;  8-9  marked  as 
in  the  male,  but  having  in  addition  a  pair  of  longitudinal  dorsal  black 
strìpes,  extending  from  the  base  tothree-fìfìhs  or  two-thirds  of  the  length 
of  each  segment,  the  two  on  8  united  on  the  mid-dorsal  line  from  base 
backward  (caudad)  for  a  varying  distance,  while  on  9  they  are  con- 
nected  only  by  a  fine  transverse  line  at  the  extreme  base  ;  the  hind 
ends  of  these  black  stripes  narrower,  rounded  ;  in  some  specimens  a 
black  line  on  the  transverse  posterior  row  of  spines  of  one  or  both  of 
8  and  9  ;  io  blue,  with  no  black  markings  even  on  the  sides. 

d  9.  Stigma  of  front  wings  surmounting  more  than  one  (45  per 
cent,  e?,  50  per  cent.  ?),  one  (40  per  cent,  cfi  50  per  cent.  ?)  or 
less  than  one  (15  per  cent.  S")  celi;  of  the  hind  wings  surmounting 
one  (60  per  cent.  cT,  87.5  per  cent.  ?)  or  more  than  one  (40  per 
cent,  cf,  12.5  per  cent.  ?)  celi. 

Antenodal  cells  on  the  front  wings  4  (55  per  cent,  e?,  62.5  per 
cent.  ?),  5  (35  per  cent,  cf,  37.5  per  cent.  ?),  or  4  +  (io  per  cent. 
(?);  on  the  hind  wings  4  (80  per  cent,  cf,  100  per  cent.  ?),  3  (15 
per  cent.  cJ*)  or  4  -f  (5  per  cent,  cf  ).  These  percentages  based  on 
IO  df  4  9. 
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Dimensions  :  Abdomen  e?  28.5-30,  ?  27-29;  hind  wing  e?  22- 
23-5»  ?  23-25  mm. 

Habitat  :  Paraguay,  Sapucay,  by  W.  T.  Foster;  November,  1899, 
5  e?  i9  (colleclor's  number  15),  i  e?  3  ?  (collector's  number  16  — 
this  number  is  attached  also  to  2  ?  of  another  species)  ;  January  1 1 
and  16,  1903,  4  cf  (collector's  number  33,  whìch  is  attached  also  to 
a  male  of  Argia  thisma  and  a  male  of  A.  reclusa),  U.  S.  National 
Museum. 

45.  Argia  gerhardi  sp.  nov. 
(PlateIV,  figs.  60,  70,  701.) 
e?.  Rear  of  the  head  black,  a  narrow  pale  stripe  along  each  eye 
margin  ;  black  of  the  frons  not  reaching  as  far  down  as  the  bases  of 
the  antennae,  the  first  joint  of  which  is  pale  anteriorly.  Pale  (violet) 
antehumeral  stripe  half  as  wide  as  the  black  mid-dorsal  which  latter 
often  has  a  dark  green  reflection.  A  dark  line  on  the  entire  length, 
or  on  only  the  upper  part  of  the  humeral  suture,  in  the  former  case 
wider  at  its  upper  end  ;  from  the  lower  end  of  the  suture  extends  up- 
ward  a  pale  brownish  mesepimeral  stripe  having  some  bronzy -green 
reflection  and  which  diverges  from  the  suture,  ending  a  little  below 
the  upper  margin  of  the  sclerite  and  a  little  anterior  to  a  short  black 
line  usually  present  on  the  upper  end  of  the  obsolete  first  lateral  suture, 
or  this  pale  brown  stripe  may  be  wider  and  border  the  humeral  suture 
for  its  whole  length,  reaching  the  upper  margin  of  the  mesepimeron 
and  back  to  the  obsolete  first  lateral  suture  and  at  mid-height  may  equal 
in  width  the  pale  antehumeral.  Second  lateral  thoracic  suture  with  a 
stripe  for  its  entire  length,  brownish  below,  blackish  above,  on  the  stripe 
almost  obsolete  except  at  the  upper  end.  Abdominal  segment  2  blue 
dorsally,  each  side  with  a  longitudinal  black  stripe  reaching  from  base  to 
fìve-sixthsof  the  segment 's  length,  widening  mesad  toits  hind  end,  but 
not  meeting  its  fellow  of  the  opposite  side,  sometimes  broken  into  a  stripe 
and  a  spot  ;  dorsal  blue  between  these  two  stripes  at  its  widest  two- 
thirds  as  wide  as  the  segment  ;  side  below  the  black  stripe  pale,  yellow- 
ish,  unmarked.  Segments  3-7  black,  with  a  narrow  transverse  basai 
pale  ring,  which  on  3-5  is  confiuent  with  a  mid-dorsal  violet  or  blue 
stripe,  tapering  posteriorly,  reaching  to  five-sixths  or  the  whole  length  of 
3,  to  half  or  five-sixths  of  4,  to  two-fifths  or  not  beyond  the  basai  ring  of 
5,  or  5  and  6  may  have  a  fine  pale  mid-dorsal  line  on  the  greater  part 
of  their  length  ;  sides  of  3-6  inferiorly  pale,  except  in  the  hindmost 
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sixth.     Segments  8  and  9  blue,  with  an  inferior  black  stripe  on  each 
side  as  long  as  the  segments,  or  interrupted  on  8  ;   io  black. 

¥ .  DifTers  from  the  male  as  follows  :  a  short  pale  line  on  each  side 
of  the  vertex  of  the  male,  between  lateral  ocellus  and  adjoining  an- 
tenna, isenlarged  in  young,  but  not  in  older  females,  into  a  spot,  which 
in  the  young  may,  or  may  not,  be  confluent  with  the  spot  of  the  opposite 
side  ;  black  of  the  frons  incised  on  each  side  of  the  median  ocellus  in 
the  younger  j  but  not  in  the  older  specimens  ;  black  mid-dorsal  thoracic 
stripe  in  some  without  any  green  reflection  ;  humeral  line  and  mese* 
pimeral  stripe  paler  and  indistinct,  no  black  line  on  the  upper  end  of 
the  obsolete  first  lateral  thoracic  suture  in  younger  females  ;  second 
lateral  suture  with  a  short  black  line  on  its  upper  part  only  ;  dorsal 
blue  of  abdominal  segment  2  reduced  to  a  narrow  stripe  as  long  as  the 
segment,  lateral  black  stripe  wider  and  reaching  the  entire  length  of 
the  segment  ;  blue  mid-dorsal  stripe  on  3  and  4  as  long  as  in  the  male, 
but  narrower,  even  reduced  to  a  line  in  some  ;  5  and  6  with  a  fine 
pale  mid-dorsal  line  ;  8  and  9  have  in  addition  to  the  inferior  lateral 
black  stripe  on'the  male  a  dorsal  black  spot  occupying  the  first  two- 
fìflhs  to  three-fourths  of  8,  half  to  two-thirds  of  9,  divided  at  its  hind 
end  (.  *.  =  two  fused  longitudinal  stripes)  and  confluent  on  each  side 
at  base  with  the  inferior  lateral  black  stripe  ;  in  some  a  small  apical 
dorsal  black  spot  on  9,  with  which  in  three  specimens  the  basai  black 
is  united,  thus  forming  a  complete  mid-dorsal  black  stripe  narrowing 
posteriorly  ;  some  pale  spots  on  io  in  younger  females. 

cf  ? .  Wings  pale  yellowish  or  pale  brownish.  Stigma  of  the  front 
wings  surmounting  more  than  one  (63  per  cent,  e?,  86  per  cent.  9), 
o'^c  (33- 3  P^'"  cent.  cT,  io  per  cent.  ?)  or  less  than  one  (3.3  per 
cent,  e??)  celi.  Stigma  of  the  hind  wings  surmounting  more  than 
one  (73  per  cent,  e?,  90  per  cent.  9),  one  (23  per  cent,  e?,  10  per 
cent.  9)  or  less  than  (3.3  per  cent.  cT)  celi. 

Antenodal  cells  on  the  front  wings  4  (93  per  cent,  d^,  83  per  cent. 
?)>  3  (io  per  cent.  9),  3  +  (3-3  per  cent,  cf  9),  4  +  (3-3  per 
cent,  cf  )  or  5  (3.3  per  cent.  9)  ;  on  the  hind  wings  3  (86  per  cent, 
e?,  100  per  cent.  9)  or  3  +  (14  per  cent.  e?).  Ali  the  percentages 
based  on  1 5  e?,  1 5  9 . 

Dimensions  :  Abdomen  cr9  25-29.5;  hind  wing  e?  20-22  ;  9  21- 
34  mm. 

Habitat  :  Bolivia,  Chulumani  by  W.  J.  Gerhard,  November  30, 
i898-}anuary  7,  1899,  28  cT  18   9  ;  Road  to  Coroico,  Yungas,  by 
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the  same,  Aprii  7,  1899,  2  cf^  i  9,  Aprii  8,  i  $,  and  Aprii  20,  1S99, 
I  e?.     Academy  of  Naturai  Sciences  of  Philadelphia. 

45 a.  Argia  gerhardi  nigrior  subsp.  nov. 

cf'.  DifTering  from  the  typical  gerhardi  in  that  on  the  lowest  fourth 
of  the  mesipimeron  is  a  black  spot  as  wide  as  the  pale  antehumeral 
stripe  and  continued  in  subequal  width  upon  the  mesinfraepistemum  ; 
nearly  ali  the  remainder  of  the  mesipimeron  is  pale  brown  with  less 
bronzy-green  reflection  than  in  gerhardi  type  ;  the  black  stripe  on 
each  side  of  abdominal  segment  2  reaches  to  the  hind  end  of  the  seg- 
ment  by  a  narrow  prolongation  of  its  lateral  edge.  These  difìferences 
appear  to  be  indicated  in  teneral  examples  also. 

Stigma  of  the  front  wings  surmounting  more  than  one  (60  per  cent.  )> 
one  (33.3  per  cent.  )  or  less  than  one  (6. 7  per  cent.  )  celi  ;  of  the  hind 
wings  surmounting  more  than  one  (97  per  cent.)  or  less  than  one 
(3' 3  P^r  cent.)  celi. 

Antenodal  cells  on  the  front  wings  4  (93  per  cent.),  3  -f-  (3.3  per 
cent.)  or  3  (3.3  per  cent.)  ;  on  the  hind  wings  3  (97  per  cent.)  or 
3  +  (33  P^r  cent.  ).     Percentages  based  on  15  cT. 

9 .  The  single  female  which  can  be  referred  here  dilfers  from  the 
same  sex  of  typical  gerhardi  by  having  the  ninth  abdominal  segment 
entirely  black  ;  it  does  not  possess  the  black  mesepimeral  spot  of  the 
male. 

Dimensions  :  Abdomen  e?  26-29,  ?  ^7>  ^^^^  wing  e?  19-21,  9 
21.5  mm. 

Habitat  :  Bolivia,  near  Coroico,  Yungas,  by  W.  J.  Gerhard,  Aprii 
II,  1899,  ^  c?i  May  9  ;  I  9  ;  road  to  Coroico,  Aprii  19,  3  e?  ;  twelve 
miles  northeast  of  Coroico,  by  the  same,  May  20,  1899,  9  cf ,  May 
24,  I  e?.     Academy  of  Naturai  Sciences  of  Philadelphia. 

That  nigrior  is  a  geographical,  not  a  seasonal,  form  of  gerhardi  is 
evidenced  by  the  facts  that  typical  gerhardi  and  nigrior  were  taken  at 
nearly  the  same  time,  and  that  the  peculiar  markings  of  nigrior  are 
indicated  in  teneral  (immature)  individuals. 

46.   Argia  kokama  sp.  nov. 

(Plate  IV,  FiGS.  71,  7W.) 
cT.  Black  of  the  frons  reaching  down  between  the  bases  of  the 
antennse  as  a  moderately  wide  band  to  the  nasus.     Rear  of  the  head 
black,  a  vcry  narrow  pale  stripe  bordering  the  eye-margins  inferiorly. 
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Pale  (violet)  antehumeral  stripe  three-fìfths  as  wide  as  the  black 
mid-dorsal.  Black  humeral  strìpe  of  subuniforai  width,  as  wide  as  the 
pale  antehumeral,  not  forked.  A  blackish-brown  stripe  three-fourths 
as  wide  as  the  black  humeral  on  the  entire  length  of  the  second  lateral 
thoracic  suture. 

Dorsum  of  abdominal  segment  2  violet  occupying  two-thirds  of  the 
width  of  the  segmenta  bounded  on  each  side  by  a  black  strìpe  extend- 
ing  the  entire  length  of  the  segment  and  widened  mesad  at  four  fìfths 
length,  but  not  meeting  its  fellow  of  the  opposite  side,  subsequently 
narrowed  in  the  hindmost  fìfth  ;  this  black  stripe  appears  to  be  due  to 
a  fusion  of  two  narrower  parallel  strìpes,  one  superìor,  one  inferìor, 
probably  more  or  less  separated  from  each  other  in  earlier  stages  ; 
inferior  lateral  margin  of  the  tergite  of  2  pale  for  its  entire  length. 

Dorsum  of  3  and  4  predominantly  violet,  a  longitudinal  black  strìpe 
on  each  side  meeting  its  fellow  of  the  opposite  side  in  the  hindmost 
sixth  of  the  dorsum  ;  5-7  black,  with  a  narrow  transverse  basai  pale 
ring  ;  8-9  blue,  with  a  black  strìpe  on  each  side  as  long  as  the  seg- 
ments  ;  io  black. 

Wings  faintly  obscure  yellowish,  stigma  surmounting  slightly  more 
than  one  celi  on  ali.  Front  wings  with  four  antenodal  cells,  hind 
wings  with  three. 

Abdomen  23.5,  hind  wing  16.5  mm. 

9  unknown. 

Habitat  :  Perù,  Iquitos,  Staudinger,  i  e?,  Museum  of  Compara- 
tive Zoology,  Cambrìdge,  Mass. 

The  specific  name  proposed  is  that  of  a  human  tribe  of  the  vicinity. 

The  type  specimen  is  pruinose  on  the  sides  of  the  prothorax,  mese- 
pimeron  and  metepimeron  before  and  behind  the  brown  strìpe  of  the 
second  lateral  suture,  pectus,  coxae,  some  of  the  sclerites  of  the  inter- 
alar  dorsal  area,  and  parts  of  the  dorsum  and  sides  of  the  first  abdomi- 
nal segment. 

47.  Argia  oculata  Hagen. 

Argia  oculata  Calvert,  Biol.  Centr.-Amer.  Neurop.,  pp.  81,  367;  pi.  iv,  fìgs.  11, 

36,  36J1  Z^-iù     1902,  1907. 

Purely  for  convenience  the  present  materìal  is  grouped  into  two  lots  : 
a.  Northern  South  America. 

Colombia,  Cacagualito,  in  Dept.  Magdalena,  by  H.  H.  Smith,  i 
e?.     Carnegie  Museum,  Pittsburgh. 

Venezuela,  La  Guaira,  by  Lyon  and  Robinson,  July  3,  1900,  3  e?  ; 
San  Julian,  by  M.  W.  Lyon,  Jr.,  July  20,  1900,  2  e?. 
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b.  Southwestern  Brazil. 

The  following  notes  apply  only  to  the  Brazilìan  specimens. 

e?.  Differs  from  the  northern,  typical  oculata  Hagen  chiefly  in  its 
smaller  size  (see  below).  Blue  spots  on  the  dorsum  of  the  middle 
prothoracic  lobe  sometimes  absent.  Blue  antehumeral  strìpe  two-fìfths 
to  one-half  as  wide  as  the  black  mid-dorsal  at  mid-height.  Black 
humeral  strìpe  very  slightly  wìder  at  its  two  ends,  occupying  nearly 
ali  of  the  mesepimeron,  at  mid-height  i^  times  to  equally  as  wide  as 
the  blue  antehumeral,  not  forked  ^  but  enclosing  a  very  small  blue 
spot  at  its  upper  end,  or  forked  in  the  upper  third  or  less  as  in 
typical  oculata^  or  in  one  example  in  the  upper  half,  the  humeral 
branch  of  the  fork  being  a  mere  line  except  at  its  upper  end,  both 
branches  reaching  to  the  upper  margin  of  the  sclerìte.  A  black  strìpe 
on  the  whole  length  of  the  second  lateral  thoracic  suture,  or  occasion- 
ally  obsolete,  except  at  the  upper  end.  The  width  of  the  dorsal  blue 
on  the  anterìor  part  of  abdominal  segment  2  is  ^  to  |  of  that  of  the 
segment;  the  mid-dorsal  blue  taperìng  posterìorly  on  3-6  reaches 
from  the  base  backward  to  three-fourths  or  four-fìfths  o  f  the  length 
of  3,  two-thirds  to  four-fìfths  of  4,  one-third  to  two-thirds  of  5,  one- 
tenth  to  one-half  of  6.  Stigma  of  the  front  wings  surmounting  more 
than  one  (55  per  cent.)  or  one  (45  per  cent.)  celi,  of  the  hind  wings 
surmounting  one  (60  per  cent.)  or  more  than  one  (40  per  cent.) 
celi.  Antenodal  cells  on  the  front  wing  4  (80  per  cent.)  or  3  (20 
per  cent.),  on  the  hind  wings  3  (95  per  cent.)  or  4  (5  per  cent.). 
Percentages  based  on  io  e?. 

Abdomen  27-29.5  mm.;  hind  wing  18-2 1.5  mm. 

? .  Of  the  females  which  bave  been  labeled  by  the  coUector  with 
the  same  numbers  as  the  males,  or  which  appear  to  be  conspecific, 
none  have  more  than  the  fìrst  six  of  the  abdominal  segments,  some  stili 
less.  The  mesostigmal  laminae  are  very  similar  or  identical  with  that 
figured  ^*  for  oculata  9  and  resemble  less  the  corresponding  figures  for 
A,  dijfficilis  "  and  A,  adamsi  §.  In  ali  the  labrum  is  either  bordered 
and  medially  crossed  with  black,  or  is  wholly  black  ;  there  is  more  or 
less  black  on  the  nasus,  and  the  black  of  the  frons  reaches  down  between 

"  Inoculata  from  Mexico,  etc,  the  hameral  strìpe  is  often  forked  in  its  upper  third 
or  less,  although  I  have  spoken  of  it  as  **not  forked"  in  the  <'  Biol.  Centr.-Amer. 
Neur.,'*  p.  81.  This  is  one  of  the  cases  referred  to,  antea^  pp.  li 7-1 18,  where  I  think 
it  desirable  to  enlarge  the  meaning  of  the  word  *'  forked  '*  ased  in  this  connection. 

><  Biol.  Centr.-Amer.  Neur.  tab.  4,  fig.  il. 

•*  Z.  e,  tab.  4,  fig.  15.  §  L.  e,  Ub.  io,  fig.  5. 
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the  antennae  to  the  nasus  in  the  forni  of  a  medìan  perpendicular  line, 
or  of  a  wider  stripe  ;  in  ali  cases  where  the  segments  are  present,  3-5 
have  the  mid-dorsal  blue  stripe  (not  line)  reaching  to  at  least  half  of 
the  length  of  each  segment,  and  6  has  a  blue  line  reaching  to  one-fourth 
length.     The  length  of  the  hind  wing  varies  from  19.5  to  23  mm. 

Habitat  :  Brazil,  Ch  pada,  by  H.  H.  Smith,  3  S'  and  parts  of  io 
others,  some  numbered  186,  187  ;  parts  of  8  $,  some  numbered  186, 
i86tf,  186^.     Carnegie  Museum,  Pittsburgh. 

48.  Argia  moUis. 

(Piate  IV,  fio.  61.) 

Argia  mo/ZisHAgen  in  Selys,  Bull.  Acad.  Belg.   (2)  xz,  p.398.     1865.     Hageo 

&  Calvert,  Bull.  Mus.  Comp.  Zodl.  xxxiz,  p.  112,  pi.  i,  fìgs.  14,  140.     1902. 

c^.  The  males  referable  to  the  above-quoted  description  and  figure 
show  the  following  slight  difìferences  from  the  former  :  prothorax  often 
with  a  pair  of  dorsal  blue  spots  on  the  middle  lobe,  a  black  stripe  on 
the  entire  length  of  the  second  lateral  thoracic  suture,  the  dorsal  ovai 
violet  spot  reaches  the  hind  end  of  abdominal  segment  2,  3  has  a 
narrow  mid-dorsal  violet  stripe,  tapering  posteriorly,  for  more  than 
the  anterior  half  of  the  segment  ;  abdomen  27-29,  hind  wing  20-21 
mm. 

The  following  details  may  also  be  added  :  Black  of  the  frons  ap- 
parently  extending  down  between  the  antennae  to  the  nasus,  but  its 
outlines  in  the  present  material  are  often  difficult  to  trace  ;  8-10  have 
an  inferior  black  stripe  on  each  side  as  long  as  the  segments  ;  antenodal 
cells  on  the  front  wings  usually  four,  on  the  hind  three. 

There  is  much  variation  in  the  black  humeral  stripe  from  the  con- 
dition  {a)  where  it  is,  at  mid-height,  one-and-one-half  times  as  wide 
as  the  pale  antehumeral,  wider  at  both  ends,  its  width  at  the  upper 
end  extending  from  the  humeral  suture  to  the  obsolete  first  lateral  and 
enclosing a  small  pale  spot;  through  (^),  where  at  mid-height  it  is  only 
half  as  wide  as  the  pale  antehumeral  and  is  forked  for  its  upper  half  or 
less,  the  mesepimeral  branch  reaching  up  only  seven-eighths  of  the  way 
to  the  upper  margin  of  the  sclerite  and  curved  toward,  but  stopping 
short,  of  the  obsolete  first  lateral  suture  (on  the  upper  end  of  which  latter 
is  a  short  isolated  black  line),  the  humeral  branch  a  line  except  at  its< 
upper  end  where  it  reaches  the  upper  margin  of  the  sclerite  ;  to  (^), 
where  the  mesepimeral  branch  reaches  up  only  three-fourths  of  the 
way  to  the  upper  margin  of  the  sclerite  and  is  not  ali  curved  toward 
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the  obsolete  first  lateral  suture.  Condition  (a)  would  appear  to  be  that 
nearest  the  typical  moUis,  judging  from  the  expression  *'Thorax 
noir  en  avant  jusque  vers  la  Ire  suture  laterale."  One  male  of  condi- 
tion (r)  has  a  black  stripe  on  the  upper  end  only  of  the  second  lateral 
thoracic  suture  and  the  dorsal  violet  of  abdominal  segment  2  ap- 
parently  not  reaching  to  the  hind  end  of  the  segment,  thus  approach- 
ing  the  type  in  these  two  respects. 

9 .  The  female  of  this  species  has  not  been  descrìbed.  Females 
labeled  by  the  coUector  with  the  same  numbers  as  the  preceding  males 
differ  from  them  as  follows  :  Black  of  the  frons  extending  broadly 
down  between  the  antennae,  but  abruptly  contracted  to  a  narrow 
median  ''  isthmus  ''  before  agaìn  widening  at  the  fronto-nasal  suture  ; 
nasus  with  a  pair  of  small  black  marks  ;  pale  antehumeral  stripe  at 
mid-height  half  to  two-fìfths  as  wide  as  the  black  mid-dorsal  (/.  e.  a 
little  wider  than  in  the  cf  );  black  humeral  stripe  at  mid-height  half  to 
equally  as  wide  as  the  pale  antehumeral,  forked  in  its  upper  fìfth  of 
more,  mesepimeral  branch  wider,  curved  toward  the  upper  end  of 
the  obsolete  first  lateral  thoracic  suture  to  which  it  may  or  may 
not  reach,  humeral  branch  wider  at  its  upper  end  which  reaches 
the  upper  end  of  the  suture,  a  mere  line  or  even  obsolete  when  the 
forking  is  deep,  in  the  latter  case  of  course  isolated  from  the  mes- 
epimeral branch  ;  a  pale  mid-dorsal  line  on  the  greater  part  of  3-5  ; 
8  and  9  in  addition  to  the  inferior  lateral  black  stripe  bave  each  a  pair 
of  dorsal  stripes  reaching  from  the  base  to  one-half  or  two-thirds  of  8 
or  one-half  of  9,  each  fused  for  the  greater  part  of  its  length  with  the 
adjacent  lateral  stripe,  but  with  its  fellow  dorsal  at  the  extreme  base 
only.  Each  feebly  developed  mesostigmal  lamina  appears  to  form  the 
anterior  boundary  of  a  slight  obliquely  transverse  groove,  which  is 
bounded  posteriorly  by  a  stili  lower  carina,  carina  and  lamina  united 
laterad,  slightly  divergent  mesad,  so  that  the  groove  is  closed  laterad 
but  open  mesad. 

Abdomen  25-29,  hind  wìng  21-22.5  ™^* 

Habitat: — Brazil,  Chapada,  by  H.  H.  Smith,  150?  and  parts  of  12 
(?)  others,  some  number  i64a,  123  or  128,  some  dated  May;  13  ? 
and  parts  of  14  others,  some  numbered  164^.  Sete  Lagoas,  Minas 
Geraes,  May  3,  1908,  by  J.  D.  Haseman,  i  ?.  Carnegie  Museum, 
Pittsburgh. 
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49.  Argia  diffidlls  Selys. 

Argia  difficiHs  CalTert,  Biol.  Centr.-Amer.  Neurop.,  pp.  84,  369,  pls.  iv,  fig.  15, 
vili,  figs.  42,  42^,  X.  4,  4f.     1902,  1907. 

Habitat  :  Colombia,  Bonda  in  Dept.  Magdalena,  June,  i  ? ,  August, 
I  ?,  by  H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 

For  some  comparative  notes  on  this  species,  see  under  the  following. 

50.  Argia  hasemani  sp.  nov. 

;PlATE  IV,   FIGS.  59,   72,  72J.) 

cf .  Rear  of  the  head  black,  a  narrow  pale  stripe  along  each  eye- 
margin  ;  labrum,  nasus,  and  lower  part  of  frons  pale  (violaceous?). 
Pale  (violet)  antehumeral  stripe  half  as  wide  as  the  black  mid-dorsal. 
Black  humeral  stripe  at  mid-height  subequal  in  width  to  the  pale  ante- 
humeral, forked  at  its  upper  end,  the  mesepimeral  branch  not  reach- 
ing,  the  humeral  branch  reaching,  to  the  upper  margin  of  the  sclerite  ; 
a  short  black  line  at  the  upper  end  of  the  second  lateral  thoracic  suture. 
Abdominal  segment  2  violet  above,  a  black  stripe  on  each  side  from  end 
to  end  of  the  segment,  approaching,  but  not  meeting,  its  fellow  of  the 
opposite  side  on  the  dorsum  just  before  the  hind  end,  violet  of  the 
anterior  part  of  the  segment  one-half  to  two-thirds  as  wide  as  the  seg- 
ment itself  ;  3-7  black,  with  a  narrow  transverse  basai  pale  ring,  which 
on  3  is  prolonged  backward  as  a  narrow  violet  stripe  taperìng  poste- 
riorly  to  two-thirds  of  the  segment' s  length  ;  a  fine  pale  mid-dorsal 
line  on  the  greater  part  of  the  length  of  4  and  5,  the  inferior  lateral 
margin  of  2-7  pale,  more  narrowly  so  at  the  hind  ends  of  3-7  ;  8-10 
blue,  with  an  inferior  black  stripe  on  each  side  as  long  as  the  segments, 
in  addition  to  which  one  male,  but  not  the  other,  has  an  anteriorly 
bilobed  black  dorsal  spot  on  the  posterior  half  of  8. 

9 .  Dilfers  from  the  male  as  foUows  :  pale  predomìnating  (in  2  ?  ) 
on  the  rear  of  the  head,  owing  to  the  widening  of  the  pale  stripes  along 
the  eye-margins  ;  pale  antehumeral  stripe  one-half  to  three-fìflhs  as 
wide  as  the  black  mid-dorsal  ;  black  humeral  stripe  three-fìfths  to  two- 
thirds  as  Wide  as  the  pale  antehumeral,  shaped  as  in  the  male,  or  (in 
I  9  )  forked  in  its  upper  half,  with  the  humeral  branch  a  mere  line, 
except  at  its  upper  end,  where  it  reaches  the  upper  margin  of  the  scler- 
ite, mesepimeral  branch  much  wider,  not  reaching  the  upper  margin 
of  the  sclerite  ;  pale  mid-dorsal  color  on  abdominal  segment  2  not 
more  than  one-fourth  to  one-third  as  wide  as  the  segment,  pale  mid- 
dorsal  stripe  on  3-5  reaching  from  the  pale  transverse  basai  ring  to 
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four-fìfths  or  fìve-sixths  of  the  length  of  each  segment,  about  one-fìfth 
as  Wide  as  3,  and  narrower  on  4  and  5,  taperìng  posteriorly  only 
slightly  at  the  hind  end  ;  inferìor  lateral  black  stripe  absent  from  the 
first  fourth  of  8  and  tending  to  disappear  from  the  hindmost  third  of 
9  ;  in  addition  8  and  9  bave  a  pair  of  dorsal  black  stripes,  reaching 
from  the  base  to  two-thirds  of  8  and  half  of  9,  not  confluent  with  the 
inferìor  lateral  stripes,  and  connected  with  each  other  at  the  extreme 
anterìor  end  of  their  respective  segments,  their  hind  ends  narrower, 
rounded  ;  in  one  $  8  has  a  pair  of  black  dorsal  spots  at  the  hind  end 
of  the  segment  in  line  with  the  two  dorsal  stripes,  thus  giving  the  latter 
the  appearance  of  being  intemipted  ;  io  entirely  blue,  its  posterior 
dorsal  margin  deeply  and  narrowly  cleft. 

cT?.  Stigma  of  ali  the  wings  surmounting  more  than  one  celi  (100 
per  cent.  e??).  Antcnodal  cells  of  the  front  wings  4  (75  per  cent. 
e?,  66.7  per  cent.  ?)  or  3  (25  per  cent,  e?,  33.3  per  cent.  ?),  of 
the  hind  wings  3  (100  per  cent,  cf,  66.7  per  cent.  ?),  4  (16.6  per 
cent.  9)  or  3  +  (16.6  per  cent.  ?).     Percentages  based  on  2  cT,  3  ?. 

Dimensions  :  abdomen  d*  26.5-28,  9  25-27;  hind  wing  e?  195- 
20.5,  9  20-22  mm. 

Habitat:  —  Brazil,  Fazenda  de  Amaratu,  Bom  Fim  in  the  State  of 
Bahia,  November  20  and  21,  1907,  by  J.  D.  Haseman,  2  cT  3  9. 
Carnegie  Museum,  Pittsburgh. 

The  male  of  this  species  so  closely  resembles  that  of  A,  difficilis 
Selys  "  that  I  should  hesitate  to  propose  a  distinct  name  for  it  were  it 
not  that  the  females  (if  I  bave  corrcctly  associated  them)  show  a 
number  of  differences  from  difficilis  9.  Both  sexes  of  A,  haseniani 
differ  from  those  of  A.  difficilis  in  having  the  mesepimeral  branch  of 
the  black  humeral  strìpe  not  reaching  to  the  upper  margin  of  the 
sciente  and  in  having  the  inferìor  half  of  the  sides  of  abdominal 
segment  2  pale,  unmarked  with  black,  while  in  difficilis  there  is  a 
second  longitudinal  black  strìpe  on  each  side  of  2  below  the  one  which 
bounds  the  dorsal  violet  ;  this  second  or  inferìor  lateral  black  stripe 
may  be  entirely  distinct  from  the  superìor  stripe  or  united  with  it  to 
a  varying  degree,  so  that  in  some  (probably  aged)  individuals  oi  diffi- 
cilis the  sides  of  2  are  even  whoUy  black.  The  males  of  hasemani 
further  differ  from  those  of  difficilis  in  that  the  inferìor  branch  of  the 
inferìor  abdominal  appendages  is  much  less  acute.  The  females  of 
hasemani  dififer  from  those  of  difficilis  by  their  pale  labrum,  nasus,  and 

"  Sce  Calvcrt,  Biol.  Centr.- Amcr.  Ncur.  p.  369. 
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most  of  frons  (there  is  a  black  line  on  the  fronto-nasal  suture),  their 
distìnctly  wider  mesostigmal  lamina,  and  the  greater  extent  of  pale 
color  on  the  sides  of  abdominal  segments  3-7,  for  in  difficilis  ?  these 
segments  have  a  second,  or  inferior,  lateral  black  stripe,  as  on  segment 
2,  and  this  may  be  more  or  less  fused  with  the  superior  lateral,  fusion 
being  greater  on  the  posterior  segments  and  ìncreasing  with  age. 
This  inferior  lateral  black  stripe  is  absent  from  hasemani  9. 

51.   Argia  tamoyo  sp.  nov. 
(Plate  IV,  FiGs.  73,  73J.) 

e?.  Rear  of  the  head  black,  a  narrow  pale  stripe  along  each  eye- 
margin.  Pale  (violet)  antehumeral  stripe  at  mid-height  three-fifths 
as  wide  as  the  black  mid-dorsal.  Black  humeral  stripe  at  mid- 
height  three-fourths  as  wide  as  the  pale  antehumeral,  wider  at  both 
ends,  upper  fourth  forked,  both  branches  of  the  fork  reaching  to 
the  upper  margin  of  the  sclerite,  mesepimeral  branch  distinctly  curv- 
ing  backward  (caudad)  to  reach  the  vestige  of  the  first  lateral  thoracic 
suture.  A  narrow  black  stripe  on  the  entire  length  of  the  second 
lateral  thoracic  suture.  Dorsum  of  abdominal  segment  2  violet,  the 
width  of  the  violet  being  about  half  that  of  the  segment,  bounded  on 
each  side  by  a  black  stripe  as  long  as  the  segment,  apparently  meeting 
its  fellow  of  the  opposite  side  on  the  dorsum  in  the  hindmost  third  of 
the  segment  ;  3-7  black,  with  a  narrow  transverse  basai  pale  ring  which 
on  3  is  confluent  with  a  mid-dorsal  violet  stripe,  tapering  posteriorly 
to  about  half  the  length  of  the  segment  ;  8~io  blue,  with  an  inferior 
black  stripe  on  each  side  as  long  as  the  segments,  8  also  with  a  pair  of 
dorsal  spots  on  the  posterior  half  of  the  segment,  each  spot  tapering 
cephalad. 

Wings  slightly  smoky,  stigma  on  the  front  and  on  the  hind  wing 
surmounting  one  celi.     Antenodal  cells  4  on  ali  wings. 

Abdomen  29,  hind  wing  21.5  mm. 

Habitat:  —  Brazil,  Chapada,  by  H.  H.  Smith,  i  e?.  Carnegie 
Museum,  Pittsburgh. 

The  specifìc  name  proposed  is  that  of  a  native  human  tribe. 

The  single  specimen  (type)  has  lost  ali  of  the  left  hind  wing  and  a 
large  part  of  the  left  front. 
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52.  Argia  smithiana  sp.  nov. 
(Piate  IV,  figs.  64,  74,  74J.) 

e?.  Rear  of  head  chiefly  black,  a  fairly  wide  pale  stripe  along  each 
eye-margin,  its  upper  end  prolonged  mesad  as  a  narrower  stripe 
behind  the  black,  which  bounds  the  postocular  spots  posteriorly. 
Black  of  the  frons  not  reaching  as  far  down  as  the  base  of  the  antennse, 
fìrst  antennal  joint  pale  anteriorly,  a  black  line  on  the  fronto-nasal 
suture,  rhinarium  dark.  Pale  (violet)  antehumeral  stripe  at  mid-height 
one  half  as  wide  as  the  black  mid-dorsal.  Black  humeral  stripe  of 
subuniform  width,  or  a  little  wider  at  the  two  ends,  at  mid-height 
cqual  in  width  to,  or  one  and  one-fourth  times  as  wide  as  the  pale 
antehumeral,  its  upper  third  to  two-fifths  forked,  both  branches  reach- 
ing the  upper  margin  of  the  sclerite,  humeral  branch  much  narrower 
than  the  mesepimeral,  which  curves  backward  (caudad)  to  reach  the 
upper  end  of  the  obsolete  first  lateral  thoracic  suture.  A  black  line 
on  the  second  lateral  thoracic  suture  down  to  the  metinfraepistemum. 
Dorsum  of  abdominal  segroent  2  violet,  a  black  stripe  on  each  side  as 
long  as  the  segment,  widening  mesad  a  little  before  the  hind  end  of 
the  segment,  but  not  meeting  its  fellow  of  the  opposite  side  on  the 
dorsum,  and  again  narrowing  ;  dorsal  violet  at  its  widest  about  two- 
thirds  (or  three-fourths,  young)  as  wide  as  the  segment  ;  side  of  the 
segment  below  the  above-mentioned  black  stripe  pale,  with  an  ill- 
defìned  longitudinal  black  stripe  confluent  at  one  or  two  points  with 
the  superior  stripe  and  also  at  the  hind  end  of  the  segment  with  a 
narrow  black  stripe,  which  margins  the  side  of  the  segment  inferiorly  ; 
these  last  two  stripes  rudimentary  in  young  individuals.  Segments 
3-7  black,  a  narrow  pale  (blue  or  violet)  transverse  basai  ring,  which 
on  3-4  or  6  is  confluent  with  a  mid-dorsal  blue-violet  stripe  reaching 
to  four-fìfths  or  fìve-sixths  of  3,  half  to  three-fourths  of  4,  one  eighth 
to  one  half  of  5,  one  eighth  of  6,  or  absent  on  5  and  6,  narrowing 
posteriorly  ;  in  mature  individuals  the  sides  of  3-7  are  entirely  black, 
or  with  only  a  small  trace  of  pale  color  at  three-fourths'  length  on 
3-6,  but  younger  individuals  show  that  this  black  is  due  to  a  fusion 
of  the  wider  superior  black  with  an  originally  separate  inferior  black 
line  extending  from  just  behind  the  pale  transverse  basai  ring  to  about 
two-thirds  of  each  segment's  length  ;  8-10  blue,  with  an  inferior  black 
stripe  on  each  side  as  long  as  the  segments. 

9 .  DifTers  from  the  male  as  follows  :  A  pair  of  indistinct  dark  $pots 
on  the  nasus,  pale  antehumeral  stripe  blue  in  some,  the  forking  of  the 
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black  humeral  strìpe  may  afTect  the  upper  half  thereof  ;  superìor  black 
strìpe  of  abdominal  segment  2  net  narrowed  at  its  hind  end,  except 
when  the  rìght  and  left  stripes  meet  on  the  dorsal  and  separate  the 
dorsal  vìolet  into  a  larger  anterior  and  a  smaller  posterìor  spot,  side  of 
this  segment  chiefly  yellowish,  with  only  a  short  oblique  blackish  streak 
at  the  hind  end  ;  mi d -dorsal  blue  on  5  and  6,  very  narrow,  but  reaching 
to  four-fifths  of  5,  three-fifths  of  6  ;  inferior  line  on  the  sides  of  3-7 
in  younger  individuai  very  faint  on  3-6,  black,  and  not  fused  on  7,  in 
older  females  black,«and  fused  with  the  superior  black  at  the  hind  end 
only  of  3-5  or  6,  or  at  both  fronts  and  hind  ends  of  6  and  7,  or  for  the 
whole  length  on  7  ;  8  and  9,  in  addition  to  the  inferior  black  strìpe  on 
each  side  as  in  the  male,  have  a  pair  of  dorsal  black  strìpes,  pointed 
posteriorly,  reaching  from  the  anterìor  end  of  each  segment  to  three- 
fifths  of  8  and  to  one-half  of  9,  barely  confluent  with  each  other  at  the 
extreme  base  of  8  only,  not  confluent  with  the  inferior  stripes  on  S 
and  barely  so  on  9  ;  io  may  have  an  inferior  lateral  black  strìpe  as  in 
the  male,  or  only  a  small  lateral  spot,  or  no  markings. 

d^$.  Stigma  of  the  front  wings  surmounting  more  than  one  (75  per 
cent.  cT,  80  per  cent.  ?),  one  (15  per  cent,  e?,  20  per  cent.  9),  or 
less  than  one  (10  per  cent,  e?)  celi  ;  of  the  hind  wings  surmounting  more 
than  one  (90  per  cent.  cT,  80  per  cent.  9),  or  one  (io  per  cent,  e?, 
20  per  cent.  9  )  celi. 

Antenodal  cells  on  the  front  wings  3  (90  per  cent,  e?,  100  per  cent.  9  ) 
or  3  +  (io  per  cent,  e?)  ;  on  the  hind  wings  3  (95  per  cent,  e?,  100 
per  cent.  9)  or  2  (5  per  cent.  e?).     Percentages  based  on  10  e?,  io  9. 

Ditnensìons,  Abdomen  cf  25-28,  9  22-26;  hind  wing  e?  18.5- 
20,  9  17.5-21  mm. 

Habitat: —  Brazil,  Chapada,  by  H.  H.  Smith,  8  e?  and  parts  of  9 
others,  some  dated  May,  some  numbered  165,  118,  4  9  and  parts  of 
9  others  some  numbered  165.     Carncgie  Museum,  Pittsburgh. 

53.  Argia  thisma  sp.  nov. 
(Platk  IV,  FiGS.  75,  75tf  ;  Plate  Vili,  fig.  144.) 
c?.  Rear  of  the  head  black,  a  pale  stripe  along  each  eye-margin. 
Pale  (violet)  antehumeral  strìpe  one- half  to  one-third  as  wide  as  the 
black  mid-dorsal.  Black  humeral  stripe  of  subuniform  width,  one  and 
a  half  to  two  times  as  wide  as  the  pale  antehumeral,  forked  only  in  its 
extreme  upper  end,  both  the  humeral  and  the  mesepimeral  branch  of 
the  fork  reaching  to  the  upper  margin  of  the  sclerite.     A  black  line  or 


Digitized  by 


Google 


142  Annals  of  the  Carnegie  Museum. 

narrow  stripe  on  the  entire  length  of  the  second  lateral  thoracic 
suture.  Dorsum  of  abdomìnal  segment  2  violet,  bounded  on  each  side 
by  a  black  stripe,  which  reaches  from  end  to  end  of  the  segment  and  is 
slightly  widened  at  fìve-sixth's  length  and  again  narrowed  to  its  hind 
end  i  the  mid-dorsal  violet  at  its  widest  is  one  and  a  half  to  two  times 
as  wide  as  either  lateral  black  stripe  at  the  same  level  ;  below  thìs 
black  stripe  each  side  of  the  segment  is  yellowish,  or  bluish,  with  an 
oblique  blackish  stripe  running  forward  from  the  hind  margin  as  faras 
the  middle  ;  3  is  chiefly  violet  in  dorsal  view,  «with  a  narrow  black 
stripe  on  each  side,  beginning  shortly  behind  the  base  and  widening 
on  the  hindmost  fourth  or  fìfth  to  meet  its  fellow  of  the  opposite  side 
on  the  dorsum  ;  4-7  black  with  some  metallic  reflection,  each  with  a 
narrow  transverse  basai  pale  ring,  which  on  4  is  continuous  with  a 
mid-dorsal  longitudinal  violet  line  or  stripe  reaching  to  two-thirds  or 
less  of  the  segment' s  length  ;  8  and  9  pale,  violet  or  blue,  with  an 
inferior  black  stripe  on  each  side  as  long  as  the  segments  ;  io  black,  its 
hind  edge  narrowly  pale,  deeply  emarginated  mid-dorsally  to  half,  or 
nearly  half,  the  segment*  s  length,  and  produced  backward  over  each 
superior  appendage  as  an  acute  process.  Inferior  lateral  margins  of 
3-6  or  7  pale  yellow,  or  blue,  except  in  the  hindmost  sixth  of  each 
segment. 

Stigma  of  the  front  wings  surmounting  less  than  one  (78  per  cent.  ), 
one  (11  per  cent.  )  or  more  than  one  (11  per  cent.  )  celi  ;  of  the  hind 
wings  surmounting  less  than  one  (72  per  cent.)  or  one  (28  per  cent.) 
celi  ;  on  ali  the  wings  the  distai  edge  is  more  oblique  than  the  proximal, 
but  more  so  on  the  hind  pair. 

Antenodal  cells  on  the  front  wings  3  (94.5  per  cent.)  or  2  (5.5  per 
cent.);  on  the  hind  wings  3  (89  per  cent.),  3  +  (5.5  per  cent.),  or  2 
(5-5  per  cent.). 

M,  (=ss  nodal  sector  of  de  Selys)  arising  on  the  front  wings  nearest 
the  sixth  (89  per  cent.)  or  seventh  (11  per  cent.)  postnodal;  on  the 
hind  wings  nearest  the  fifth  (89  per  cent.),  sixth  (5.5  per  cent.)  or 
midway  between  these  two  (5.5  per  cent.).  (Percentages  in  these 
three  sentences  based  on  the  9  d^  from  Chapada.  ) 

9  unknown. 

Dimensions, — e?.  Abdomen  20-22.5;  ^^'^^  wing  14-15. 5  mm. 
(That  from  Sapucay  is  larger:  abd.  23,  h.  w.  17  mm.) 

Habitat  :  —  Brazil,  Chapada,  by  H.  H.  Smith,  8  e?  and  part  of  i 
other.  Carnegie  Museum,  Pittsburgh.  Paraguay,  Sapucay,  by  W. 
T.  Foster  January  16,  1903,  i  cf  •     U.  S.  National  Museum. 
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The  specifìc  name  proposed  ìs  an  anagram  from  the  name  of  the 
collector  with  a  terminal  a  added  for  euphony. 

Argia  thisma  vite  with  A.  bipunctulata  Hagen  of  North  America  as 
the  smallest  known  species  of  the  genus.  It  closely  approaches  the 
descrìption  of  ^.  lilacina  Selys,  also  of  Brazil,  which  latter,  however, 
is  stated  to  have  the  abdomen  J^  26  mm.,  hind  wing  cf  19-20  mm., 
rear  of  the  head  yellow,  a  yellowish  lilac  antehumeral  band  almost 
forked  above,  the  black  line  on  the  second  lateral  thoracic  suture  in- 
complete, the  first  seven  abdominal  segments'clear  blue  violet,  3-7 
with  a  thick  terminal  black  ring. 

In  spite  of  its  small  sìze  A.  thisma  preserves  a  character  of  the  genus 
which  on  a  priori  grounds  might  have  been  expected  to  disappear, 
/.  ^.,  the  origin  of  M,  (nodal  sector)  is  stili  as  far  distad  as  the  sixth 
postnodal  on  the  front  wings  and  the  fìflh  on  the  hind.  Stated  in 
another  way,  enough  postnodals  are  retained  to  permit  of  the  persis- 
tence  of  this  numerical  relation  to  the  point  of  origin  of  M,.  (Cf. 
Biologia  Centr. -Amer. ,  Neur.,  p.  376  under  Argiallagma,) 

54.  Argia  jocosa  Hagen. 
Habitat  :  —  Colombiano  naca,  in  Dept.  Magdalena,  August,  by  H. 
H.  Smith,  I  cT.     Camegie  Museum,  Pittsburgh. 

55.  Argia  cupratirea  Calvert. 

Argia  cupraurea  Calvert,  Biol.  Centr.-Amer.  Neurop.,  pp.  85,  371,  pi.  iv,  figs.  24, 
42,  1902,   1907. 

Habitat  :  —  Venezuela,  La  Guaira,  by  Lyon  and  Robinson,  July  4, 
1900,  I  cT,  July  27,  I  ?  ;  San  Julian,  July  20,  1900,  by  M.  W.  Lyon, 
Jr.,  I  e?.     U.  S.  National  Museum. 

56.  Argia  orichalcea. 

Argia  orichalcea  Hagen,  Bull.  Acad.  Belg.  (2),  xx,  p.  408,  1875.  Calvert.  Biol. 
Centr.-Amer.  Neurop.,  pp  71,  86,  1901.  Hagen  and  Calvert,  Bull.  Mus.  Comp. 
Zodl.  xxxix,  p,  113,  pi.  I,  figs.  7,  ^a  (apps.  ^),  1902. 

c?.  The  originai  descrìption  of  this  species  states,  abdominal  seg- 
ments  ''  3me-6me  avec  une  tache  basale  bleu  foncé  occupant  presque 
la  moitié  au-dessus  "  and  implies  that  segments  8  to  io  are  as  in  cuprea, 
I.  e,j  8  black,  narrowly  pale  blue  at  base,  9  and  io  greenish-blue 
above.  In  the  Biologia,  L  e.  I  have  given  these  markings  as  dis- 
tinguìshing  orichalcea  from  osnea,  stating,  however,  that  I  had  not 
seen   orichalcea.      Material   from   Bonda,    Colombia,    listed    below, 
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although  evidently  closely  allied  to  arichalcea  and  cinea^  does  not  ex» 
actly  agree  with  the  diagnosis  of  either  of  these  species,  since  segments 
3-7  are  black  with  a  blue  transverse  basai  ring  occlipying  only  one- 
fìfteenth  of  the  segments'  lengths,  and  8,  while  badly  foded  in  most  of 
the  examples,  is  in  others  unquestionably  blue,  with  an  inferior  black 
stripe  each  side  of  variable  length,  9  blue  with  an  inferior  black  stripe 
each  side  as  long  as  the  segmenta  io  similar,  or  with  the  black  stripe 
reduced  to  a  spot. 

$ .  Agrees  with  the  originai  description  of  orichakea  ?  except  that 
the  mesepimeral  branch  of  the  humeral  stripe  (''bande  posthumérale 
noir  bronzé  métallique  "  )  reaches  the  short  black  line  on  the  upper 
end  of  the  obsolete  first  latenti  thoracic  suture  in  ali  but  one  or  two 
enmples.  I  cannot  distinguish  these  females  from  cenea  ?,  for,  al- 
though they  seem  to  ha  ve  a  narrower  mesostigmal  lamina,  I  find  on 
re-examining  a  series  of  etnea  females  that  considerable  varìation  in 
the  width  of  this  structure  exists  in  that  species. 

Dimensions  :  abdomen  e?  26.5-30,  ?  24-27  ;  hind  wing  e?  18.5- 
21,  $  19-21  mm. 

Habitat:  —  Colombia,  Bonda  in  Dept.  Magdalena,  by  H.  H.  Smith, 
I  ?  June,  2  e?  July,  12  e?  14  ?  August,  2  e?  i  ?  September,  i  cT 
October,  i  cf  2  ?  November.     Carnegie  Museum,  Pittsburgh. 

I  refer  these  speciment  to  arichalcea^  notwithstanding  the  above- 
mentioned  dififerences,  pending  a  re-examination  of  the  types. 

57.  Argia  tinctipennis  Selys. 

(PLATK  IV,  FIO.  62.) 
Argia  tinctipennis  (Bates,  Mss.)   Selys,  Bull.  Acad.  Belg.  (2)  xx,  p.  396.     1865.. 
Hagen  &Calvert,  Bull.  Mus.  Comp.  2^1.,  xxxiz,  p.  115,  pi.  2,  fif.  6,  òa,     1902. 

cf .  The  black  of  the  frons  extends  down  between  the  antennae  (  but 
not  on  the  genae)  to  the  nasus,  which  ktter  is  blue.  At  mid-height 
the  pale  (blue)  antehumeral  stripe  is  one-half  to  two-fifths  as  wide  as 
the  black  mid-dorsal,  the  black  humeral  stripe  one  and  one-half  times 
as  wide  as  the  pale  antehumeral.  The  intersegmental  articulation  of 
9  and  IO  is  black. 

9 .  Agreeing  with  de  Selys*  description  except  that  the  pale  colors 
are  pale  browns  or  blues  instead  of  "jaune  olivàtre'*  or  "  jaunàrre,'* 
dilferences  doubtless  due  to  differences  of  age.  As  in  the  male,  the 
black  of  the  frons  extends  down  between  the  antennae  (  but  not  on  the 
genae)  to  the  nasus,  but  the  latter  is  also  black.     At  mid-height  the* 


Digitized  by 


Google 


Calvert:   Odonata  of  the  Neotropical  Region.        145- 

pale  antehumeral  stripe  is  one-third  to  one-fourth  as  wide  as  the  black 
mid-dorsal,  the  black  humeral  i^  to  i^  times  as  wide  as  the  pale 
antehumeral.  The  black  markings  of  8  and  9  are  due  to  the  two  mìd- 
doisal  strìpes,  which  extend  frora  the  base  to  two-thirds  or  four-fifths 
of  the  length  of  8  and  toone-half  of  the  length  of  9,  having  fused  each 
with  its  adjacent  inferìor  latenti  black  stripe  for  the  first  half  to  three- 
fìfths  (on  8)  or  third  (on  9)  of  the  segment's  length,  while  the  dorsals^ 
have  fused  with  each  other  for  almost  their  entire  length  on  8,  although 
only  at  the  extreme  base  on  9.  The  inner,  or  mesial,  end  of  each  mes- 
ostigmal  lamina  is  produced  caudad  as  a  slight  carina,  parallel  to  the 
median  sagittal  piane  of  the  body,  as  far  as  the  level  of  the  lower  (an- 
terior)  forking  of  the  mid-dorsal  thoracìc  carina  ;  this  feature  is  not 
found  in  the  females  referredto  A.  botacudo. 

cT?.  Stigma  of  the  front  wings  surmounting  more  than  one  celi 
(100  per  cent,  cf,  66.7  per  cent.  ?)  or  one  celi  (33.3  per  cent.  9); 
of  the  hind  wings  surmounting  more  than  one  (50  per  cent,  e?,  83 
per  cent.  ?),  one  (33  per  cent,  e?,  17  per  cent.  9),  or  less  than  one- 
(17  per  cent,  e?)  celi. 

Antenodal  cells  on  the  front  wings  3  (100  per  cent.  c?9),  on  the 
hind  wings  3  (100  per  cent,  e?,  83  per  cent.  9)  or  3  +  (17  per 
cent.  9). 

Postnodals  on  the  front  wings  15  (50  per  cent,  e?,  33.3  per  cent. 
?)>  i6  (33-3  per  cent,  e?,  50  per  cent.  9),  14  {M  per  cent,  e?)  or 
17  (17  per  cent.  9).     Ali  percentages  based  on  3  cT  3  9. 

Dimensions:  abdomen  cT  26-26.5,  9  23.5-25;  hind  wing  e?  18.5^ 
9  18-19. 5  mm. 

Habitat  :  —  Brazil,  Peixe-Boi,  by  Miss  Harriet  B.  Merrill,  3  d^  3. 
9.  Academy  of  Naturai  Sciences  of  Philadelphia  and  coli.  E.  B. 
Williamson.  Two  of  the  males  and  one  female  are  accompanied  by 
the  following  notes  made  by  the  collector  :  e?  **  Bright  blue,  darker 
than  sky  blue  Nov.  26,  1907'';  d^  "Entire  body  blue  and  black 
Nov.  26,  1907";   9  **  Bright  blue  like  larger  one  Nov.  29,  1907.*'' 

After  describi ng  the  "9?  (Douteuse)**  oi  Argia  impura^  Selys 
(/.  e»  p.  397)  remarks  "  J'ai  été  porte  à  admettre  une  différence  entre 
r impura  et  la  tinctipennis  parce  que  les  deux  femelles,  qui  semblent 
notablement  différentes  Tune  de  Tautre,  se  rapportent  parfaitement  par 
les  dimensions  et  le  nombre  de  nervules  postcubitales  aux  màles  que  j'y 
rapporte.  '  '  The  color  pattern  of  abdominal  segraents  4  and  5  of  the 
males  as  he  describes  them  would  appear  to  justify  ihe  separation  or 
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impura  and  tincHpenniSy  but  the  **  notable  differences  "  between  the  two 
females  do  not  appear  from  hìs  descriptìon,  as  the  dimensions  given 
for  them  are  exactly  alike  (abdomen  23,  hìnd  wing  19  mm.),  and  the 
number  of  postnodals  (postcubitals)  for  the  male  oitinctipennis  is  not 
stated.  From  the  data  which  are  given  above  for  tinctipennis^  it  seems 
possible  that  de  Selys'  impura  female  may  also  be  tincHpennis, 

58.   Argia  chapad»  sp.  nov. 

(PlATE  IV,  FIGS.  76,  761.) 

cT*  Rear  of  the  head  black,  with  a  narrow  pale  stripe  along  each  eye, 
margin.  Black  of  the  frons  not  reaching  as  far  down  as  the  level  of 
the  first  joint  of  the  antennae,  which  joint  is  blue  anteriorly  ;  fronto- 
nasal  suture  with  a  black  line.  Pale  (blue)  antehumeral  stripe  widen- 
ing  from  above  downward,  at  mid-height  one-half  to  two-fìfths  as  wide 
as  the  black  mid-dorsal.  Black  humeral  stripe  widened  at  both  ends, 
at  the  lower  end  as  wide,  at  mid-height  three-fourths  as  wide,  as  the 
pale  antehumeral,  forked  in  its  upper  fourth  or  two-fìflhs,  both  branches 
reaching  to  the  upper  margin  of  the  sclerite,  the  mesepimeral  branch 
noticeably  curving  backward  (caudad)  to  attain  also  the  upper  end  of 
the  obsolete  first  lateral  thoracic  suture.  A  narrow  black  stripe  on  the 
entire  length  of  the  second  lateral  thoracic  suture  or  obsolete  on  the 
lower  half  thereof.  Abdominal  segment  2  blue,  a  black  stripe  on  each 
side  from  end  to  end  of  the  segment,  curving  mesad  just  in  front  of 
its  hind  end  toward,  but  not  meeting,  its  fellow  of  the  opposite  side 
on  the  dorsum  ;  side  below  this  stripe  blue,  unmarked  ;  the  dorsal 
blue  of  the  anterior  part  of  the  segment  two-thirds  to  four-fifths  as  wide 
as  the  segment  itself;  3-6  predomi nantly  blue  in  dorsal  view,  each 
with  a  longitudinal  black  stripe  on  each  side  beginning  just  behind  the 
usuai  transverse  basai  blue  ring  and  widening  to  meet  its  fellow  of  the 
opposite  side  on  the  dorsum  in  the  hindmost  fiflh  or  sixth  of  each 
segment  (or  in  some  the  fourth  of  6)  ;  7  black  with  a  narrow  trans- 
verse basai  blue  ring,  roid-dorsally  interrupted  with  black  ;  inferior 
lateral  margins  of  3-7  blue,  except  in  the  hindmost  sixth  of  each  seg- 
ment ;  8-10  blue,  with  an  inferior  black  stripe  on  each  side  as  long  as 
the  segments. 

? .  A  single  female  seems  to  belong  to  this  species.  It  differs  from 
the  male  as  follows  :  Nasus  black,  a  small  pale  spot  on  each  side,  black 
of  the  frons  reaching  down  between  the  antennae  to  the  level  of  their 
bases  (first  antennal  joint  remaining  pale  anteriorly)  and  connected 
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by  a  mediali  perpendìcular  black  line  with  the  black  of  the  nasus  ; 
black  humeral  stripe  similar  to  that  of  the  male,  but  not  so  narrow  in 
its  middle  where  it  is  subequal  in  width  to  the  pale  antehumeral,  the 
black  stripe  obsolete  on  the  lower  half,  or  more,  of  the  second  lateral 
thoracic  suture  ;  dorsal  blue  of  the  anterior  part  of  abdominal  segment 

2  narrower,  one-half  to  one-third  as  wide  as  the  segment  ;  3-5  pre- 
dominantly  black  in  dorsal  view,  the  lateral  black  stripes  wider,  so  that 
the  mid-dorsal  blue  is  reduced  in  width  to  one-third  of  that  of  the 
segment  on  3  and  4  and  to  hardly  more  than  a  line  on  5,  and  not 
confluent  with  the  transverse  basai  blue  ring  on  4  and  5,  as  the  ring 
is  mid-dorsally  interrupted  with  black  ;  6  like  7  of  the  male  ;  8  and 
9  similar  to  those  of  the  male,  but  having  in  addition  a  pair  of  black 
dorsal  stripes  extending  from  the  base  of  each  segment  to  three-fourths 
of  8,  three-fìflhs  of  9,  each  dorsal  fused  with  its  adjacent  inferior  lateral 
for  the  first  half  of  8  or  third  of  9,  and  with  its  fellow  dorsal  at  the 
extreme  base  of  8,  but  not  on  9  ;  hind  ends  of  the  dorsals  narrower 
and  rounded;  io  blue,  with  a  transverse  basai  black  line,  posterior 
dorsal  margin  of  the  segment  narrowly  cleft  on  the  median  line  almost 
to  the  base  of  the  segment.     Prothorax  and  mesostigmal  laminse  lost. 

e?  9.  Stigma  of  the  front  wings  surmounting  more  than  one  (55 
per  cent,  e?,  right  wing  ?  )  or  one  (45  per  cent,  e?,  left  wing  9  ) 
celi  ;  of  the  hind  wings  surmounting  more  than  one  (50  per  cent.  cJ*, 
left  wing  9),  one  (45  per  cent,  e?,  right  wing  9),  or  less  than  one 
(S  per  cent,  e?)  celi. 

Antenodal  cells  of  the  front  wings  3  (80  per  cent,  e?,  and  9)  or 

3  +  (20  per  cent.  c?)i  of  the  hind  wings  3  (100  per  cent,  e?,  9) 
The  percentages  are  based  on  io  e?. 

Ditnensions  :  abdomen  e?  25.5-26,  9  24;  hind  wing  cT  18-20,  9 
19  mm. 

Habitat  : —  Brazil,  Chapada,  by  H.  H.  Smith,  2  e?  and  parts  of  9 
others,  i  9*     Carnegie  Museum,  Pittsburgh. 

This  species  is  very  similar  to  A,  tinctipennis  Selys  and  may  be  a 
subspecies  (geographical  race)  thereof,  but  the  intermediates  are  not 
at  band.  The  chief  differences  are  that  A,  tinctipennis  has  the  black 
of  the  frons  extending  down  to  the  nasus  ;  the  black  humeral  stripe  ot 
uniform  width  (not  narrower  in  the  middle,  as  in  chapadct)^  wider  in 
that  it  extends  over  the  whole  of  the  mesepimeron  (instead  of  reach- 
ing  to  the  obsolete  first  lateral  thoracic  suture  at  its  upper  end  only), 
and  not  forked,  although  enclosing  a  pale  dot  at  its  upper  end  ;  the 
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black  strìpe  on  the  second  lateral  thoracìc  suture  wider  and  complete. 
In  tinctipennis  ?,  in  addition,  the  mìd-dorsal  blue  on  abdominal  seg- 
ments  3  and  4  is  a  mere  fine  line,  whìle  in  chapadcs  ?  it  forms  a  strìpe 
of  some  width.  The  wings  of  the  present  material  of  chapada  are 
only  very  slightly  yellowish,  or  smoky,  but  this  may  be  only  an  age- 
difference,  as  de  Selys  accepts  it  as  such  in  hìs  description  of  tincH- 
pennts. 

59.  Argia  botacttdo  sp.  nov. 
(Plate  IV,  FiGs.  63,  77,  ^^s.) 

e?.  Rear  of  the  head  black,  a  narrow  yellow  strìpe  along  each  eye- 
margin.  Pale  antehumeral  strìpe  at  mid-height  two-fìfths  as  wide  as 
the  black  mid-dorsal.  Black  humeral  strìpe  of  subuniform  width,  one 
and  one-half  times  as  wide  as  the  pale  antehumeral,  not  forked,  but 
enclosing  a  very  small  pale  spot  at  its  upper  end.  A  black  stripe  on 
the  entire  length  of  the  second  lateral  thoracic  suture.  Abdominal 
segment  2  violaceous,  a  longitudinal  black  strìpe  on  each  side  from  end 
to  end,  approaching,  but  not  meeting,  its  fellow  of  the  opposite  side 
on  the  dorsum  a  little  in  front  of  the  hind  end  of  the  segment,  the 
violaceous  area  on  the  anterìor  dorsal  part  of  the  segment  half  to  three- 
fìfths  as  wide  as  the  segment  itself,  the  lateral  black  stripe  reaching 
down  to  the  inferior  margin  at  mid-length  of  the  segment  and  again 
at  the  hind  end,  or  for  most  of  the  posterìor  part  of  the  segment. 
Abdominal  segments  3  and  4  chiefly  violaceous  in  dorsal  view,  each 
having  a  lateral  black  strìpe  on  each  side  beginning  just  behind  the  usuai 
transverse  pale  basai  rìng  and  widening  on  the  hindmost  fourth  to 
sixth  of  the  segments  to  meet  its  fellow  of  the  opposite  side  on  the 
dorsum  ;  segment  5  similar,  but  since  the  lateral  black  stripes  meet  on 
the  hindmost  third  or  fourth  of  the  segment,  and  the  mid-dorsal  vio- 
laceous is  narrower  and  tapers  to  a  more  acute  point  posteriorly,  black 
predominates  on  this  segment  in  dorsal  view  ;  6  and  7  black  with  a 
narrower  transverse  pale  basai  rìng  ;  inferìor  lateral  margins  of  3-6  or 
7  pale  yellowish,  or  brownish,  except  in  the  hindmost  fìfth  of  each  seg- 
ment ;  8-10  violaceous,  with  an  inferior  black  stripe  each  side  as  long 
as  the  segments,  and  apparently  reaching  farther  up  toward  the  dorsum 
at  the  hind  end  of  8  than  at  any  other  point. 

9.  Differs  from  the  male  as  follows  :  Nasus  black  with  a  small  pale 
spot  on  each  side  ;  the  black  of  the  frons  extends  to  the  nasus  in  one 
specimen  only  (in  the  males  the  nasus  is  blue,  the  fronto-nasal  suture, 
the  rhinarium,  and  the  base  of  the  labrum  are  narrowly  black);  pale 
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antehumeral  stripe  one-foiirth  to  two-fìflhs  as  wide  as  the  black  mid- 
dorsal  at  mid-heìght,  black  humeral  stripe  nearly  twice  to  one  and 
one-half  times  as  wide  as  the  pale  antehumeral  ;  the  violaceous  area 
on  the  anterior  part  of  the  dorsum  of  abdomìnal  segment  2  reduced  in 
width  to  about  one-third  of  that  of  the  segment,  the  lateral  black  stripe 
not  reaching  to  the  inferior  margin,  but  there  is  an  elongated  isolated 
brown  spot  on  the  posterior  half  of  the  yellowish  side  of  the  segment  ; 
3  and  4  chiefly  black,  the  mid-dorsal  pale  stripe  much  reduced  in 
width,  although  of  about  the  same  length  ;  5-7  black,  with  a  mid-dorsal 
pale  line  from  base  backward  (caudad)  to  fìve-sixths  (on  5)  or  one- 
half  (on  7)  of  the  length  of  the  segments;  8  and  9  with  black  pre- 
domi nating  in  the  form  of  four  longitudinal  stripes,  two  dorsal,  and 
an  inferior  on  each  side,  ali  four  reaching  from  end  to  end  of  segment 

8  (or  the  two  dorsals  interrupted  at  three-fourths'  length),  ali  fourfused 
at  base  and  at  apex,  the  basai  fusion  between  each  lateral  and  its  adja- 
cent  dorsal  extending  for  the  anterior  two-thirds  of  the  segment  3  on 

9  the  inferior  lateral  black  stripes  reach  from  end  to  end  of  the  seg- 
ment, the  dorsals  from  base  to  two-thirds  of  the  length,  each  dorsal 
being  fused  with  its  adjacent  lateral  for  the  basai  half  or  third  of  the 
segment,  but  with  its  fellow  dorsal  only  at  the  extreme  base  ;  io  pale, 
with  a  narrow  transverse  basai  black  stripe,  the  posterior  margin  of  the 
segment  cleft  mid-dorsally  and  narrowly  for  almost  the  whole  length  of 
the  segment. 

e??.  Stigma  of  the  front  wings  surmounting  more  than  one  (75 
per  cent,  e?,  83  per  cent.  ?)  or  one  (25  per  cent,  d*,  17  per  cent. 
?  )  celi  ;  of  the  hind  wings  surmounting  more  than  one  (85  per  cent. 
cT,  66.7  per  cent.  ?)  or  one  (15  per  cent,  e?,  33.3  per  cent.  ?)  celi. 

Antenodal  cells  on  the  front  wings  3  (80  per  cent,  e?,  100  per  cent. 
9  )  or  4  (20  per  cent.  ^)  ;  on  the  hind  wings  3  (100  per  cent,  e?, 
83  per  cent.  ?)  or  2  (17  per  cent.  ?).     Percentages  based  on  io  e?, 

3?. 

Dimensions:  abdomen  e?  24-26.5,  9  23.5;  hind  wing  e?  18-19.5, 

9  19-20  mm. 

Habitat:  —  Brazil,  Chapada,  by  H.  H.  Smith,  S  e?  (  and  parts  of 

10  others),  2  9  (and  parts  of  i  other),  i  e?  i  9  each  numbered  85, 
other  males  numbered  83  and  149,  females  78  and  188  by  the  coUec- 
tor.     Carnegie  Museum,  Pittsburgh. 

The  specific  name  proposed  is  that  of  a  tribe  of  Brazilian  Indians. 
The  postocular  spots  of  both  sexes  of  this  species  are  rathcr  distinc- 
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tive,  being  smaller  than  is  oflen  the  case  in  this  genus,  not  so  elongate 
mesady  and  with  no  pale  transverse  occipital  stripe  between  the  right 
and  left  spots. 

60.  Argia  tupiy  sp.  nov. 

(PLATE  IV,    FIGS.  78,  78J.) 

cT-  Rear  of  head  chiefly  black,  a  narrow  yellowish  stripe  bordering 
each  eye  and  a  narrow  transverse  superior  yellowish  stripe  each  side 
immediately  behind  the  black,  which  borders  posteriorly  each  pale  post- 
ocular  spot,  the  yellowish  stripe  subequal  in  width  to  this  black.  Pale 
(violet)  antehumeral  stripe  twice  as  wide  as  the  black  niid-dorsal. 
Black  humeral  stripe  a  mere  line  in  its  upper  two-thirds,  but  widened 
at  its  upper  end,  in  its  lower  third  confluent  with  an  oblique  black 
mesepimeral  stripe.  This  latter  stripe  reaches  to  the  upper  margin  of 
the  mesepimeron  ;  in  its  lower  third  it  is  half,  or  a  little  more  than  half, 
as  wide  as  the  pale  antehumeral.  A  black  stripe  on  the  whole  length  of 
the  second  lateral  thoracic  suture.  Abdominal  segment  2  violet  on 
dorsum  bounded  on  each  side  by  a  black  stripe,  which  is  widened 
mesad  at  three-fourths'  length  and  again  narrowed  before  the  hind 
end  of  the  segment,  but  does  not  meet  its  fellow  of  the  opposite  side  ; 
sides  of  2  below  this  stripe  yellowish,  with  the  posterior  two-thirds  of 
the  inferior  margin  black  ;  3-6  violet,  with  a  black  stripe  on  each  side 
beginning  shortly  behind  the  base  of  each  segment  and  reaching  to 
the  hind  end  and  widened  mesad  to  meet  its  fellow  of  the  opposite 
side  in  the  hindmost  fìfth  of  3,  fourth  of  4,  two-fìfths  of  5,  half  of  6  ;  7 
black,  with  a  narrow  transverse  basai  pale  ring  ;  the  lateral  black  of  3-7 
encloses  a  longitudinal  pale  brownish  or  yellowish  stripe  the  length  of 
which  may  be  half,  or  more  than  half,  of  that  of  the  segment  ;  8-10 
pale  (blue  ?)  with  an  inferior  black  stripe  on  each  side  for  the  entire 
length  of  each  segment. 

Stigma  of  the  front  wings  surmounting  more  than  one  celi  ;  of  the 
hind  wings  surmounting  more  than  one  celi  (75  per  cent.),  two  cells 
(12.5  per  cent.)  or  more  than  two  cells  (12.5  per  cent.). 

Antenodal  cells  on  the  front  «wings  4  (87.5  per  cent.)  or  4 + 
(12.5  per  cent.),  on  the  hind  wings  4  (87.5  per  cent.)  or  3  +  (12.5 
per  cent.).  (Percentages  here  and  in  precedi ng  paragraph  based  on 
4  e?.) 

9  unknown. 

Dimensions  :  e?.  Abdomen  29.5-33.5  ;  hind  wing  23-26  mm. 
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Habitat  :  —  Brazil,  Chapada,  by  H.  H.  Smith,  4  e?,  one  dated 
May.     Carnegie  Museum,  Pittsburgh. 

The  specifìc  name  proposed  ìs  that  of  a  native  human  trìbe. 

This  species  belongs  to  the  same  group  as  the  Mexican  and  Central 
American  %'^t,c\t'&harknessiy  barretH^ pipila^  and  chelataoi\}^t  "Biologia 
Centrali- Americana/'  Volume  Neuroptera,  and  in  the  key  to  the  species 
therein  (/.  e.  pp.  71,  359)  comes  nearest  to  chetata,  It  diflfers  from 
chetata  in  its  smaller  size,  fewer  antenodal  cells  on  the  front  wings,  in 
the  details  of  the  abdominal  appendages,  the  smaller  extent  of  pale 
color  (here  violet)  on  the  abdomen,  the  black  humeral  stripe  forked 
in  its  upper  two-thirds,  the  mesepimeral  constituent  of  the  fork  reach- 
ing  to  the  upper  margin  of  the  mesepimeron,  which  is  not  the  case  in 
chetata, 

Among  the  described  South  American  species,  /^/i  seems  to  approach 
ctaussenii  Selys  and  croceipennis  Selys.  From  the  description  of  the 
first  it  appears  to  differ  by  the  absence  in  ali  four  examples  of  any 
doublé  cells  in  the  second  cubital  area  (  s  espace  postcostal  of  de 
Selys),  in  having  fewer  black  bands  on  the  thorax,  and  lesspale  color 
on  the  abdomen,  especially  on  segment  7  ;  the  details  of  the  abdominal 
appendages  are  also  different  from  Hagen's  fìgures  of  those  of  ctaussenii. 
(Bull.  Mus.  Comp.  Zoòl.  XXXIX,  1902.  ) 

The  description  of  croceipennis  calls  for  an  insect  having,  inter  atia^ 
its  wings  "  entièrement  lavées  de  jaunàtre  safrané,  .  .  .  devant  du 
thorax  noir,  avec  une  bande  antéhumérale  hleue  arquée  [which  I 
interpret  to  mean  that  black  predominates  on  this  area].  .  .  .  Ab- 
domen noir  luisant,  marqué  de  bleu  ainsi  qu'il  suit  :  .  .  .  7me-8me 
à  anneau  basai  non  prolongé,  '  '  which  characteristics  appear  to  exclude 
the  form  here  described  as  new. 

61.  Argia  sttbapicalis  sp.  nov. 
(Piate  IV,  figs.  79,  79X.) 
^,  Rear  of  the  head  black,  a  pale  stripe  bordering  the  eyes  below  ; 
one  cT  shows  also  a  superior  transverse  yellowish  stripe  similar  to  that 
described  for  A.  tupi,  Black  mid-dorsal  thoracic  stripe  reduced  to  a 
line  upon  the  carina  only.  Black  humeral  stripe  little  more  than  a 
line  for  most  of  its  length,  slightly  wider  in  its  upper  half,  especially 
just  below  its  upper  end,  at  its  lower  end  confluent  with  a  sub- 
quadrangular  mesepimeral  black  spot,  similar  to,  but  wider  than 
the  spot  in   the  same  area  in  A.  apicalis  Say  of  North  America, 


Digitized  by 


Google 


152  Annals  of  the  Carnegie  Museum. 

and  which  ìs  continued  upon  the  mesinfraepistemum.  A  black 
^tripe  on  the  second  lateral  thoracic  suture  down  to  the  level 
of  the  metastigma.  Abdominal  segment  2  blue,  becoming  violet 
with  age,  with  a  black  stripe  on  each  side  from  end  to  end,  widened 
mesad  at  about  four-fìfths'  length,  so  as  to  approach,  but  not  to  meet, 
its  fellow  of  the  opposite  side  on  the  dorsum,  and  again  narrowed  to 
the  hind  end  ;  3-7  predomi nantly  black,  with  a  narrow  transverse  basai 
pale  (violet  in  older  examples)  ring,  which  on  3  is  produced  backward 
on  the  dorsum,  tapering  posteriorly  to  four-fifths  or  two-thirds  of  the 
«egment's  length,  and  on  4  is  similarly  produced  for  the  first  eighth  or 
tenth  of  the  segment' s  length  ;  on  the  sides  of  3-6  or  7  the  pale  basai 
ring  is  produced  as  a  pale  stripe  along  the  inferior  margin  to  about 
five-sixths  of  the  length  of  each  segment  ;  8-10  pale  (blue?)  with  an 
inferior  black  stripe  on  each  side  as  long  as  the  segments  ;  in  at  least 
one  specimen  the  black  stripe  on  each  side  of  8  is  produced  upon  the 
dorsum  at  the  hind  end  of  the  segment,  and  meets  its  fellow  of  the 
opposite  side. 

Stigma  of  the  front  wings  surmounting  more  than  one  (60  per  cent.  ), 
one  (20  per  cent.)  or  less  than  one  (20  per  cent.)  celi,  long;  of  the 
hind  wings  surmounting  more  than  one  (50  per  cent.),  one  (40  per 
cent.),  or  less  than  one  (10  per  cent.)  celi. 

Antenodal  cells  on  the  front  wings  4  (90  per  cent.)  or  5  (io  per 
cent.),  on  the  hind  wings  4  (80  per  cent.)  or  5  (20  per  cent.). 
(Percentages  in  this  and  in  the  preceding  paragraph  based  on  5  e?.) 

9  unknown. 

Ditnensions;  (S^,  Abdomen  28-31.5  ;  hind  wing  19-23  mm. 

Habitat:  —  Brazil,  Chapada,  by  H.  H.  Smith,  3  e?  and  parts  of 
2  others.    Carnegie  Museum,  Pittsburgh. 

This  specìes  shows  a  remarkable  resemblance  to  A,  apicaUs  Say  of 
North  America,  which  latter  is  not  known  south  of  Texas.  Apicalis 
differs  in  the  following  peculiari ties  :  the  rear  of  the  head  is  chìefly 
pale  ;  the  black  on  the  upper  surface  of  the  head  extends  no  farther 
forward  on  the  middle  line  than  the  median  ocellus,  and  the  first  anten- 
nal  joint  is  pale  (blue),  (in  suòapicalis  Xht  black  of  the  upper  surface 
of  the  head  reaches  at  least  as  far  forward  along  the  median  line  as  the 
anterior  limit  of  the  antennal  bases,  and  is  in  some  examples  produced 
as  far  as  the  fronto-nasal  suture,  and  the  first  antennal  joint  is  black)  ; 
there  is  no  black  stripe  on  the  second  lateral  thoracic  suture,  the  mid* 
dorsal  longitudinal  pale  area  on  abdominal  segment  2  is  merely  a 
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narrow  strìpe  (in  suhapicalis  it  is  nearly  as  wide  as  the  segment,  when 
seen  in  strìctly  dorsal  view),  there  is  a  pale  blue  or  yellow  mid-dorsal 
longitudinal  line  or  narrow  stripe,  which  does  not  taper,  on  3-6  reach- 
ing  from  the  transverse  basai  ring  to  three-fourths  or  more  of  the 
length  of  each  segment  ;  the  superior  abdominal  appendages  are  shorter, 
both  absolutely  and  relatively,  the  inferior  appendages  bave  the 
branches  of  the  bifìd  apex  less  divergent  and  of  equal  length. 

62.  Argia  iralaly  sp.  nov. 
(Piate  IV,  fig.  65.) 
9 .  Rear  of  the  head  yellowish,  a  small  black  streak  on  each  side  of 
the  occipital  foramen,  anterior  surface  of  the  first,  and  of  part  of  the 
second  antennal  joints  pale  (ochreous),  black  of  the  frons  not  reaching 
down  as  far  as  the  base  of  the  antennae,  a  black  line  on  the  fronto- 
nasal  suture.  Pale  antehumeral  strìpe  at  mid-height  very  slightly 
wìder  than  half  to  three-fìfths  as  wide  as  the  mid-dorsal  black.  Black 
humeral  stripe  at  mid-height  half  as  wide  as  the  pale  antehumeral, 
slightly  forked,  or  not  so  at  its  lower  end,  forked  in  its  upper  three- 
fìfths  to  two-fìfths,  humeral  branch  mostly  linear,  mesepimeral  branch 
wider,  curved  backward  (caudad)  at  its  upper  end  to  reach  the  short 
black  line  on  the  upper  end  of  the  obsolete  first  lateral  thoracic 
suture.  Second  lateral  suture  with  a  black  line  on  its  upper  part,  or 
ali  the  way  down  to  the  metinfraepìstemum.  Dorsum  of  abdominal 
segment  2  violet,  with  a  black  stripe  on  each  side  as  long  as  the  segment, 
widening  mesad  before  the  hind  end  of  the  segment,  but  not  meeting 
its  fellow  of  the  opposite  side  on  the  dorsum,  and  again  narrowing  to 
its  hind  end  ;  dorsal  violet  at  its  widest  half  as  wide  as  the  segment 
itself;  side  below  the  black  stiipe  yellowish,  without  distinct  dark 
markings.  Segments  3-7  black,  with  a  narrow  transverse  pale  basai 
ring  confiuent  with  a  pale  mid-dorsal  narrow  strìpe  on  3-5,  or  line  on 
6,  nearly  as  long  as  each  segment  ;  sides  of  3-7  inferìorly  pale,  except 
for  a  blackish  spot  at  the  hind  end  of  each  ;  8  with  a  wider  dorsal  and 
a  narrower  inferior  longitudinal  black  strìpe  on  each  side,  ali  as  long  as 
the  segment,  the  two  dorsals  nearer  to  each  other  than  either  is  to  the 
adjacent  inferìor,  confiuent  with  each  other  anterìorly,  but  not  with 
the  inferiors  ;  9  similarly  marked  except  that  the  two  dorsals  reach 
only  to  two-thirds  of  the  segment's  length,  and  are  not  confiuent,  the 
inferior  strìpe  may  be  broken  into  spots;  io  pale,  with  only  a  small 
basai  lateral  black  spot. 
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Wings  pale  brownìsh-yellow,  stigma  surmounting  more  than  one 
celi  (83.3  per  cent,  of  both  front  and  hind  wings). 

Antenodal  cells  on  the  front  wings  4  (83.3  per  cent.)  or  5  (16.7 
per  cent.),  on  the  hind  wings  4  (100  per  cent.).  Percentages  based 
on  3  ?. 

Dimensions.     Abdomen  27-29;  hind  wing  23-24  mm. 

e?  unknown. 

Habitat:  —  Paraguay,  Sapucay,  by  W.  T.  Poster,  November, 
1899,  three  fcmales,  two  of  them  numbered  16,  the  third  20  by  the 
collector  (others  numbered  16  are  Argia  f esteri).  U.  S.  National 
Museum. 

The  specifìc  name  is  in  honor  of  Domingo  Irala,  founder  of  Asuncion. 

The  mesostigmal  lamina  of  this  species  is  fairly  large  and  strong,  its 
inner  (mesial)  end  continued  as  a  flattened  ridge,  which  is  dìrected 
caudad,  lies  external  to  the  fork  of  the  lower  (anterior)  end  of  the  mid- 
dorsal  thoracic  carina,  and  graduai ly  merges  with  the  mesepisternal 
surface  anterior  to  the  level  of  the  forking  of  the  mid-dorsal  carina  ; 
the  lamina  itself  is  almost  exactly  transverse  and  its  crest  is  largely 
yellowish  ;  the  continuation  of  the  lamina  as  descrìbed  above  is  parai- 
leled  in  the  female  of  A,  tinctipennis^  q.  v. 

A  mesostigmal  lamina  very  similar  to  that  of  iralai,  except  that  it  is 
entirely  black,  is  found  in  a  female  from  Cachoeira,  Brazil,  by  H.  H. 
Smith  (no.  27),  in  the  Carnegie  Museum,  This  female,  which  may 
be  merely  an  older  individuai  of  iralai,  has  the  black  of  the  frons 
reaching  to  the  level  of  the  antennae-bases,  second  antennal  joìnt  black 
auteriorly,  nasus  obscure  blackish,  dorsal  violet  of  abdominal  segment 
2  narrower,  an  inferior  longitudinal  brown  or  black  line  extending 
forward  from  the  blackish  spot  at  the  hind  end  of  3-7  almost  to  base, 
dorsal  black  stripes  on  9  confluent  at  anterior  end  o(  the  segment. 

Abdomen  26,  hind  wing  21.5  mm. 

Di  ARGIA,  gen.  nov. 

Biserial  hairs  or  spines  of  the  basai  halves  of  the  second  and  third 
tibias  twice  as  long  as  the  intervals  separating  them,  tarsal  nails  with 
an  inferior  tooth.  Vein  A  (=  inferior  sector  of  the  triangle  of  de 
Selys*)  separating  from  the  hind  margin  of  the  wing  at  least  as  far 
proximad  to  the  cubìto-anal  cross-vein  (=  postcostal  cross- vein  of  de 
Selys)  as  the  latter  is  long.     Arculus  at  the  second  antenodal.     Quad- 

♦  Cf.  Biol.  Centr.-Amer.  Neurop.  p.  133,  footnote  f. 
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rìlateral  on  the  front  wings  wìth  the  anterior  side  less  than  half  as  long 
as  the  posterìor  side,  on  the  hind  wings  the  anterior  side  more  than 
half,  or  half,  as  long  as  the  posterìor  side.  M,  (=  nodal  sector  of  de 
Selys)  arìsing  nearest  the  fìfth  postnodal  on  the  front  wings,  the  fìflh 
or  fourth  on  the  hind.  Pterostigroa  and  venation  similar  on  front  and 
hind  wings  in  both  sexes.  Abdominal  appendages  of  the  male  similar 
to  those  of  Argia  i.  e.  the  superiors  transversely,  the  inferìors  verti- 
cally,  bifìd.  No  ventral  posterìor  spine  on  abdominal  segment  8  of  the 
female. 

Type  :  Diargia  bicelluiata,  sp.  nov. 

This  genus  is  closely  related  to  Argia  from  which  it  differs  in  the 
smaller  number  of  biserìal  tibial  hairs  or  spines  (5-6  on  outer  side  of 
third  tibia),  the  more  proximal  origin,  as  measured  by  number  of 
postnodals,  of  vein  M,  and,  in  so  far  as  the  only  known  species  is  con- 
cerned,  by  possessing  but  two  antenodal  ultraquadrìlateral  cells.  From 
Argiallagnia  Selys  ((/".  Calvert,  Biol.  Centr.-Amer.  Neurop.,  p.  376) 
it  differs  by  the  argiaform  appendages  of  the  male,  the  absence  of  a 
vulvar  spine  in  the  female,  and  by  the  smaller  number  of  antenodal 
cells. 

Of  the  species  of  Argia  known  to  me,  Diargia  most  closely  ap- 
proaches  Argia  thisma,  described  as  new  in  the  present  paper,  page 
141,  under  which  heading  will  be  found  some  details  for  comparison 
with  Diargia  bicellulata, 

63.  Diargia  bicellulata,  sp.  nov. 

(Plate  IV,  FiGS.  67,  68,  68f  ;  Plate  Vili,  fig.  141.) 
cf.  Black  "Vì'xXìi  the  foWowìng  psirts  pa/^ yeHow  or  ò/ue  :  first  anten- 
nal  joint  anteriorly  and  ali  of  the  face  and  lips  below  the  level  of  the 
second  joint  of  the  antennae,  a  cunei form  postocular  spot  on  each  side 
and  a  transverse  occipital  line  connecting  them,  a  narrow  line  bordering 
the  eyes  posteriorly,  front  lobe  of  the  prothorax  and  the  sides  of  the 
other  two  lobes,  an  antehuuieral  stripe  which  at  mid-height  is  one-^ 
sixth  as  Wide  as  the  black  mid-dorsal,  a  metepisternal  stripe  and  a  met- 
epimeral  stripe,  neither  of  which  is  quite  as  wide  as  the  black  humeral 
(mesepimeral)  stripe,  or  as  the  black  stripe  present  on  the  entire  length 
of  the  second  lateral  thoracic  suture,  an  ovai  dorsal  (blue)  spot  on 
abdominal  segment  2,  a  narrow  transverse  basai  ring  on  3-7  con- 
fiuent  with  a  mid -dorsal  line  or  narrow  stripe  on  3-5  or  6,  reaching 
the  greater  part  of  the  length  of  each  segment,  sides  inferiorly  of  3-6. 
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in  the  anterìor  two-thirds  of  each,  femora  inferiorly,  tibiae  superiorly. 
Abdominal  segments  8  and  9  blue,  wìth  an  inferior  black  stripe  on  each 
side  occupying  the  greater  part  of  the  length  of  each  segment.  Hind 
margin  of  abdominal  segment  io  with  a  mìd-dorsal  excision.  Supe- 
rior  appendages  not  quìte  as  long  as  io,  extreme  apex  bifìd  transversely, 
inner  branch  longer.  Inferior  appendages  a  little  longer  than  io,  ver- 
tically  bifìd,  upper  branch  the  longer  and  more  robust,  directed 
upward  ;  lower  branch  shorter,  slenderer,  more  acute,  directed  back- 
ward  (caudad). 

Younger  tnales  differ  from  the  above  descrìption  in  having  the 
markings  of  abdominal  segment  2  more  distinctly  argiaform,  in  that 
there  is  a  superìor  black  stripe  on  each  side  contracting  posteriorly  to 
three-fìfths  its  length,  thence  widening  to  its  hind  end,  not  reaching 
the  hind  margin  of  the  segment,  and  failing  to  unite  with  its  fellow  of 
the  opposite  side  ;  each  side  has  also  an  inferior  black  stripe  ;  the 
black  on  the  first  three-fourths  of  segments  3  and  4  represented  by  ill- 
defìned  brownish  markings. 

Oid  tnales  differ  from  the  first  description  in  having  a  black  line  on 
the  fronto-nasal  suture,  a  couple  of  black  dots  on  the  rhinarium,  a 
mid-basal  black  mark  on  the  labrum  ;  the  sides  and  ventral  surface  of 
the  thorax  and  the  first  two  abdominal  segments  show  more  or  less 
pruinosity  ;  segments  3-6  show  some  tendency  to  have  the  inferior 
lateral  margin  blackish  ventrad  to  the  pale  coloring. 

$ .  The  only  example  of  this  sex  has  the  head  and  abdominal  seg- 
ments 3-6  marked  as  above  described  for  the  old  males  ;  segment  2 
black  dorsally  with  a  very  small  median  blue  spot,  sides  pale  yellow 
with  an  inferior  longitudinal  black  stripe  ;  7  similar  to  6  ;  8  pale  pos- 
teriorly, its  black  marks  consisting  of  a  pair  of  dorsal  stripes  reaching 
from  the  base  backward  to  two-tbirds  of  the  segment' s  length,  conr 
fluent  wìth  each  other  for  the  first  third,  and  each  with  an  adjacent 
inferior  lateral  black  stripe  for  the  first  half  of  the  segment' s  length  ; 
the  inferior  lateral  black  stripe  extends  the  whole  length  of  the  seg- 
ment. Segment  9  black,  with  a  single  mid-basal,  and  on  each  side 
at  three-fourths'  length  a  posterior  pale  dot;  io  black,  its  hind 
margin  narrowly  pale,  cleft  mid-dorsally  to  base,  appendages  shorter 
than  the  segment,  black  ;  no  vulvar  spine. 

e?  ? .  Wings  uncolored,  iridescent,  veins  pale  reddish  at  base,  darker 
distally  ;  stigma  brown,  costai  side  only  slightly  longer  than  the  proximal 
or  distai  sides,  which  are  subparallel,  surmounting  usually  one  celi.  Front 
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wings  with  9-12  postnodals  (io,  40  per  cent,  and  11,  35  per  cent., 
more  frequently),  M,  (»  nodai  sector  of  deSelys)  arising  nearest  the 
fìfth  (80  per  cent.)  or  sixth  (io  per  cent.)  postnodal,  or  midway 
between  (io  per  cent.);  two  (90  per  cent.)  orthree  (io  per  cent.) 
antenodal  ultraquadri lateral  cells.  Hind  wings  "with  7-10  postnodals 
(11,  55  per  cent,  inost  frequently);  M,  arising  nearest  the  fìfth  (45 
per  cent.),  fourth  (40  per  cent,),  or  midway  between  (io  per  cent.), 
or  in  one  wing  (»  5  per  cent.)  nearest  the  sixth  postnodal  ;  two  (95 
per  cent.)  or  three  (5  per  cent.)  antenodal  ultraquadrilateral  cells. 
Ali  percentages  based  on  9  ?  cT  i  9 . 

Dimensions,  Abdomen  e?  16.5-20,  ?  18.5;  hind  wing  cJ*  11.5 
-13.5,  ?  14.5. 

Habitat  :  —  Brazil,  Chapada,  by  H.  H.  Smith,  8  e?  i  e?  and  parts  of 
2  other  specimens,  some  labeled  145,  one  77,  by  the  coUector.  Car- 
negie  Museum,  Pittsburgh. 

64.  Leptagrion  porrectum  ? 

Lepiagrion  porrtitum  Selys,  Bull.  Acod.  Belg.  (2)  zlii,  p.  975.     1876. 

L,  porrectum  Selys  was  described  **d'aprèsun  exemplaire"  from 
Brazil.  The  description  is  in  one  place,"  at  least,  obscure.  A  male 
from  Rio  de  Janeiro,  in  November,  by  H.  H.  Smith  (Carnegie  Mu- 
seum, Pittsburgh),  resembles  that  description  in  many  respects,  but 
differs  in  others,  so  that  I  am  uncertain  whether  it  pertains  to  the  same 
species  or  not.  The  differences  are  :  the  longer  abdomen  64  mm. 
(instead  of  54),  13  postnodals  on  the  front  wing  (instead  of  14-15), 
upper  surface  of  the  head  blue,  but  with  a  transverse  blackish  band  .  5 
mm.  Wide  from  eye  to  eye,  the  median  ocellus  and  the  bases  of  the 
antennse  being  respectively  on  the  upper  and  lower  margins  of  this 
dark  band,  the  fìrst  antennal  joint  havinga  blue  spot  anteriorly  ;  hind 
prothoracic  lobe  blue,  with  a  reddishspot  in  the  middle;  neitherthe  mid- 
dorsal  thoracic  carina  nor  a  "  juxta-humeral  '*  ray  black,  only  a  short 
black  line  at  the  upper  ends  of  the  humeral  and  of  the  second  lateral 
sutures  ;  a  blue  antehumeral  stripe  bordering  the  humeral  suture  ante- 
riorly, one-third  as  wide  as  the  reddish  mid-dorsal  ;  abdomen  pale 
ochre-brown,  sides  of.  i  and  2  pale  green,  extreme  base  and  an  anteter- 
minal transverse  band  of  about  i  mm.  in  width  on  3-6  blackish  or 
dark  brown,  on  3  and  4  this  anteterminal  band  is  distinctly  separated 
from  the  hind  end  of  the  segments  by  a  narrower  pale  ochre  ring  ;  7 

"Z.  r.,  p.  976,  Hnes  25-27. 
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obscure  brownish,  8-10  obscure,  possibly  pale  blue  or  green  in  life; 
superior  appendages  very  slightly  longer  than  io,  i  mtn.  long,  dark 
brown  ;  in  dorsal  view  each  is  about  three  times  as  long  as  wide  at 
base,  inclined  slightly  toward  each  other,  more  especially  in  the  distai 
two-fifths,  apex  rounded,  obtuse  ;  in  profile  view  each  superior  ap- 
pendage  tapers  somewhat  from  base  to  the  obtuse  apex,  which  bears  a 
rather  thick  tuft  of  pale  brownish-yellow  hairs  ;  at  mid-length  is  an  infe- 
rior  process divided  into  two  branches  both  directed  inward  (mesad) and 
downward  (ventrad),  the  anterior  branch  also  somewhat  forward,  the 
posterior  branch  also  hìndward  (caudad),  the  anterior  branch  shorter, 
slenderer,  subcylindrical,  the  posterior  lamellate  and  expanded  at 
its  tip;  7  spines  ("cils")  on  the  outer  row  of  the  third  tibia. 

If  the  appendages  of  this  insect  are  the  same  as  of  Selys'  porrectum^ 
I  think  it  likely  that  only  one  species  is  concerned  in  spite  of  the  very 
considerale  color  differences,  for  these  latter  are  not  greater  than  are 
to  be  found  in  that  protean  forra,  Telagrion  fulvellum.  If  our  present 
male  proves  to  be  disti  net,  the  name  perlongum  would  be  appropriate. 
Like  porrectum  it  is  **  roussàtre  clair  .  .  .  à  la  place  ou  seraìent  les 
taches  postoculàires  non  délimitées  en  arrière,''  and  it  is  difficult  to 
see  why  de  Selys  did  not  refer  porrectum  to  Telagrion  instead  of  to 
Leptagrion, 

65.  Leptagrion  macrurum  Burmeister. 

Habitat  :  —  Brazil,  Rio  de  Janeiro,  by  H.  H.  Smith,  November,  i 
cf  and  part  of  one  other,  December,  i  e?,  parts  of  2  ? .  Carnegie 
Museum,  Pittsburgh.  Rio  de  Janeiro,  by  Reinhart,  i  young  e?  ; 
Lagoa  Santa  [in  Brazil  ?] ,  Lund,  i  9  ;  Museum  of  Comparative  Zool- 
ogy,  Cambridge,  Mass. 

There  are  nine  spines  on  the  outer  row  of  the  third  tibia.  Young 
cT?  bave  the  head  pale  above,  including  the  area  occupied  by  the  pale 
postocular  spots  of  other  genera,  a  black  stripe  on  the  occiput,  no  mid- 
dorsal  thoracic  black. 

66.  Leptagrion  elongatum  Selys. 
Habitat  :  —  Brazil,  Rio  de  Janeiro,  in  November,  by  H.  H.  Smith, 
I  (^,  I  ?  and  part  of  one  other.     Carnegie  Museum,  Pittsburgh. 

67.  Enallagma  civile  Hagen. 

Enallagma  civile  Calvert,  Biol.  Centr.-Amer.  Ncurop.,  pp.  no,  380.     I902,  1907. 
Habitat:  —  Jamaica,   Hope  Gardens,  May  29,  1904,   by  W.  R., 
Maxon,  8  e?.     U.  S.  National  Museum. 
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Not  previously  recorded  frora  Jamaica,  although  known  from  Cuba, 
Hayti,  and  Porto  Rico. 

68.  Enallagma  ccecttm  novae-hispani»  Calvert. 

EnaUagma  cotcum  nava-hispania  CaWert,  Biol.  Centr.-Amer.  Neurop.  p.  381.     1907. 
Habitat:  —  Colombia,  Bonda  in  Dept.  Magdalena,  August,  by  H. 
H.  Smith,  I  e?.     Carnegie  Museum,  Pittsburgh. 

69.  Enallagma  ovlgenun  sp.  nov. 
(Plate  vi,  figs.  123, 123X.) 

cf^.  Dorsal  surface  of  the  head  blackish,  the  following  blue  :  a  large 
postocular  spot  each  side,  lower  margin  of  the  frons,  genae,  rhinarìum, 
external  surfaces  of  mandibles  and  labrum.  Labrum  and  rear  of  head 
cream -color,  or  very  pale  blue.  Prothorax  obscure  blackish,  sides  and 
perhaps  the  front  lobe  pale  blue  ;  hind  lobe  produced  upward  as  a  me- 
dian  quadrangular  process,  the  width  of  which  is  greater  than  its  height. 
Mesothoracic  dorsum  blackish-brown,  a  pale  blue  antehumeral  stripe 
the  width  of  which  at  mid-height  is  about  one-third  of  that  of  the  dark 
mid -dorsal  band  and  somewhat  narrower  than  the  humeral  stripe, 
which  latter  is  dark  reddish-brown  ;  sides  and  ventral  surface  pale  blue. 

Dorsum  of  abdominal  segments  1-6  black,  their  sides  inferiorly  pale 
blue,  green,  or  yellow,  3-6  also  with  a  narrow  transverse  basai  mid- 
dorsally  interrupted  pale  ring  ;  7  chiefly  pale  blue,  with  a  transverse 
black  band  at  anterior  and  at  posterior  ends,  the  latter  wider,  and  an 
inferior  lateral  longitudinal  black  stripe  on  each  side  connecting  the 
two  transverse  bands  ;  8  and  9  blue,  io  black  dorsally,  ventral  sur- 
faces of  I-I o  pale  blue,  or  yellow.  Hind  margin  of  i o  with  a  mid-dorsal 
bilobed  process,  the  height  of  which  is  about  one-tenth  of  that  of  the 
segment,  and  which  is  quite  distinctly  marked  off  from  the  rest  of  the 
segment,  as  seen  in  profìle  view,  by  a  slight  constriction  as  its  base. 

Superior  appendages  not  quite  as  long  as  la,  quite  complicated, 
blackish  ;  in  dorsal  view  diverging  from  each  other,  each  bifìd  at  tip, 
with  outer  and  inner  branches,  the  latter  reaching  farther  caudad. 
In  profile  view  threc  divisions  of  the  distai  part  of  the  appendage 
are  visible,  two  outer  and  one  inner  between  the  other  two  ;  of  the 
two  outer,  one  is  above  the  other,  being  the  outer  branch  of  the  dorsal 
view,  and  is  separated  from  the  lower  outer  branch  by  a  regular  con- 
cave curve,  within  which  the  inner  branch  of  the  dorsal  view  appears. 
From  the  ventral  surface  of  the  inner  branch  projects  downward  a 
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strong  acute  spine,  which  is  curved  anteriorly  (cephalad)  at  its  tip  ; 
this  spine  is  concealed  by  the  inferior  appendage  of  the  same  side  of 
the  body,  lying  laterad  to  it  in  an  ordinary  profìle  view.  Inferior 
appendages  shorter  than  the  superiors,  higher  than  long  in  profìle 
view,  upper  edgc  produced  backward  (caudad)  and  slightly  upward 
to  an  acute  apex,  which  reaches  beyond  the  level  of  the  rounded 
postero-inferìor  angle  of  the  appendage,  distai  edge  concave. 

Legs  obscure  brown,  femora  darker,  7-8  spines  on  the  outer  row  of 
the  third  tibia. 

Wings  uncolored,  stigma  dark  brown,  surmounting  one  cell^  its 
costai  edge  very  little  longer  than  the  proximal  or  distai  edges  ;  three 
antenodal  ultraquadrilateral  cells  on  ali  wings,  anal  vein  (  a  inferior 
sector  of  the  triangle  of  de  Selys)  parting  from  the  hind  margin 
proximal  to  the  cubito-anal  (  »  basai  postcostal  of  de  Selys)  cross- 
vein  on  the  front  wings  by  a  distance  almost  as  great  as  the  length  of 
the  cross-vein  itself,  on  the  hind  wings  by  a  distance  distinctly  less 
than  the  length  of  the  cross-vein.  Front  wings  with  13-13  post- 
nodals  ;  M,  (  ■=  nodal  sector  of  de  Selys)  arising  at  the  fifth.  Hind 
wings  with  lo-ii  postnodals;  M,  arising  at  the  fourth. 

Abdomen  30,  hind  wing  30.5  mm. 

$  unknown  to  me. 

Habitat:  —  Colombia,  Santa  Fé  de  Bogota,  by  Lindig,  1863,  ic?. 
Museum  of  Comparative  Zoology,  Cambridge,  Mass. 

The  specifìc  name  is  a  manuscript  name  of  Hagen's,  under  which 
this  specimen  and  a  number  of  others  bave  stood  for  many  years. 
These  other  specimens,  male  and  female,  are,  with  one  exception, 
Very  immature,  and  the  males  bave  lost  the  hind  end  of  the  abdomens. 
A  mature  female  differs  in  the  shape  of  the  pterostigma  and  in  a 
number  of  details  of  the  venation.  Taking  these  defects  and  diflfer- 
ences  into  consideration,  I  am  very  doubtful  whether  these  other 
specimens  also  belong  to  ovigerum. 

Genus  Acanthagrion. 
The  following  synopsis  will  assist  in  the  identification  of  the  species 
of  the  typical  group  of  this  genus,  the  group  oi  gracile  Rambur,  which 
agree  in  having  the  anal  vein  (  =s  inferior  sector  of  the  triangle  of  de 
Selys)  parting  from  the  hind  margin  of  the  wing  at,  or  distai  to  {not 
proximal  to)  the  cubito-anal  cross-vein  (  a  basai  postcostal  of  de 
Selys)  on  ali  the  wings. 
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Malbs. 

I.  Superior  appendages  as  long  as,  #r  /anger  than^  the  inferiors, 

A.  Superior  appendages  directed  downward  (ventrad)  as  well  as  caudad,  not  curved 

up  at  tip,  and  projecting  only  a  slight  distance  beyond  the  level  of  the  superiora. 

B.  Pale  postocular  spots  not  confluent  with  the  pale  color  of  the  rear  of  the  head. 

C.  G>stal  side  of  stigma  of  front  and  hind  wings  longer  than  ihe  proximal 

or  distai  sides. 

D.    Dorsum  of  abdomìnal  segment  2  blue,  with  a  black  lance-head  spot 

pointed  anteriorly,  but  not  reaching  the  anterior  end  of  the  segment. 

gracile  laneea» 
DD.    Dorsum  of  abd.  seg.  2  black  for  its  entire  length. 

E.   Inferior  appendages  but  slightly,  if  at  ali,  upcurved  at  the  tip. 
F.   Abdominal  segment  io  not  more  than  one-and-one-fourth 
(i^)  times  as  high  in  profile  yiew  as  segment  9  at 
base. 
G.   Superior  appendages  not  widened  at  apex. 

H.    Dorsum  of  abd.  seg.  7  black,  but  its  hind  end 

blue.  gracile. 

HH.    Dorsum  of  abd.  seg.  7  black,  including  its 

hind  end. 

J.    Black  hnmeral  stripe  wider  than,  or  as  wide 

as,  the  pale  blue  antehumeral. 

gracile  minarum, 
JJ.  Black  humeral  stripe  represented  only  by 
small  black  marks  at  upper  and  lower  ends 
of  humeral  suture,  the  antehumeral  blue 
therefore  widely  confluent  with  the  blue  of 
the  side  of  the  thorax.  gracile  aòlutum, 

GG.   Superior  appendages  widened  at  apex. 

latapiUylum,  >* 
FF.  Abd.  seg.  io  one-and-one-third  to  one-and-one-half 
(i^-i^)  times  as  high  in  profile  yiew  as  segment  9  at 
base  ;  apex  of  dorsal  process  of  io,  as  seen  in  end  view,  not 
half  as  wide  as  the  maximum  width  of  io  itself,  very 
slightly  bifid  ;  pale  colors  of  upper  surface  of  head  and  of 
thorax  pale  blue,  abd.  seg.  7  blue  at  hind  end. 

gracile  ascendens. 

FFF.  Abd.  seg.  io  twice  as  high  in  profile  view  as  seg.  9 

at  base  ;  apex  of  dorsal  process  of  io,  as  seen  in  end  view, 

almost  as  wide  as  the  maximum  width  of  io  itself,  deeply 

bifid,  branches  diverging,  each  branch  subacute  at  tip; 

pale  colors  of  upper  surface  of  head  and  of  thorax  orange- 

red,  abd.  seg.  7  black  throughout.  apicale, 

EE.  Inferior  appendages  strongly  upcurved  at  tips,  abd.  seg.  7 

black.     cuyaba  and  subspecies  (  for  their  difierences  see  postea  ) . 

'®  Calvert,  Anales  Mus.  Nac.  Buen.  Ayres,  vii,  p.  26,  figs.  1-3.    1899.    Paraguay. 
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ce.  Costai  side  of  stigma  on  the  hind,  and  often  also  on  the  front,  wing 

shorter  than  the  proximal  or  distai  side,  inferior  appendages  strongly  up- 

curved  at  tips,  dorsum  of  2  and  of  7  black.  iruncatum. 

BB.  Pale  postocular  spots  confluent  with  the  pale  color  of  the  rear  of  the  head  ; 

superior  appendages  with  an  anteterminal  constrìction  in  profìle  view,  inferior 

appendages  but  slightly,  if  at  ali,  upcurved  at  lips,  dorsum  of  7  black. 

temporale, 
A  A.  Superior  appendages  directed  caudad,  but  not  ventrad,  curved  up  in  the  distai 
half,  projecting  caudad  twice  as  far  as  do  the  inferior  appendages. 
K.  Each  postocular  spot  one-third  as  wide  as  the  distance  from  eye  to  eye,  and 
touching  the  eye-margin,  second  lateral  thoracic  suture  with  a  short  black 
mark  at  its  upper  end  only,  dorsum  of  2  chiefly  blue  with  a  trìangular  black 
spot  on  its  middle,  dorsal  black  of  3-5  pointed  anterìorly,  io  blue  dorsally. 

ehararum, 
KK.  Each  postocular  spot  one-fourth  to  one-fifth  as  wideas  the  distance  from 
eye  to  eye  and  not  touching  the  eye-margin,  second  lateral  thoracic  suture 
with  a  black  stripe  reacbing  from  the  upper  end  two-tbirds  of  the  way  down 
to  the  metastigma,  dorsum  of  2  chiefly  black  with  only  a  narrow  transverse 
basai  blue  ring,  dorsal  black  of  3-5  almost  rounded  anterìorly,  io  black 
dorsally.  chacoinse» 

2.  Superior  appendages  dUtinctly  shorter  than  the  inferiors, 
L.  Nasus  and  dorsum  of  prothorax  black,  a  black  humeral  strìpe  (intemipted  or  not 
intemipted  superiorly),  an  interrupted  black  strìpe  on  the  second  lacerai  thoracic 
suture,  abd.  segs.  2  and  3  chiefly  black,  2  with  a  posterìor  terminal  transverse 
pale  band,  3  with  a  narrow  basai  pale  rìng,  8  and  9  blue  with  a  lateral  longi- 
tudinal  black  stripe  on  each  side.  ( From  de  Selys'  descrìption.  )  trimaculatum, 
Nasus  and  prothorax  entirely  blue,  a  very  short  black  line  on  the  upper  ends  only 
of  the  humeral  and  second  lateral  thoracic  sutures,  abd.  segs.  2  and  3  chiefly 
blue,  2  with  an  isolated  transverse  black  stripe  at  three-fourths'  length,  3  with 
hindmost  sixth  black,  8  and  9  blue  without  black  markings.         chirihuanum, 

Females. 
A.  Postocular  spots  not  confluent  with  the  pale  color  of  the  rear  of  the  head. 
B.  Black  humeral  strìpe  complete. 

C.  Abdominal  segments  9  and  io  (and  in  some  also  the  hind  end  of  8) 
blue,  9  with  a  basai  black  spot  on  each  side.  Size  larger,  abd.  23-27, 
hind  wing  17-18  mm.  gracile ^  latapistylum, 

ce.  Abdominal  segments  9  and  io  black  dorsally. 

D.  Size  larger  (abd.  23,  hind  wing  16  mm.  ).  gracile  minarum, 

DD.  Size  smaller  (abd.  19-20,  hind  wing  13-15  nmi.  ).      tmncatum, 

BB.  Black  humeral  strìpe  represented  only  by  a  short  black  line  on  the  upper 

end  of  the  humeral  suture  and  a  brown  spot  at  its  lower  end,  8-10  as  in 

gracile.  gracile  ablutum, 

AA.  Postocular  spots  confluent  with  the  pale  color  of  the  rear  of  the  head,  abd.  segs. 

9  and  IO  blue,  9  with  a  trìangular  basai  black  spot  on  each  side,  abd.  20-21, 

hind  wing  14-15  mm.  temporale. 

(The  females  of  the  other  species  are  unknown.  ) 
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70.  Acanthagrlon  gracile  Rambur. 

Acanthagrion  gracile  Calvert,  Biol.  Ceatr.-Amer.  Neurop.  pp.   115,  382,  pi.   y,  fig. 

20.     1902»  1907. 

Venezuela,  Caracas,  by  R.  M.  Bartleman,  i  ? .  U.  S.  National 
Museum. 

Habitat  :  —  Brazil,  Bom  Firn,  State  of  Bahia,  at  a  small  pond  in 
city,  November  2,  1907,  2  e?,  and  at  Fazenda  de  Amaratu,  Nov.  21, 
1907,  I  cT,  I  9,  by  J.  D.  Haseman;  Rio  de  Janeiro,  November,  3 
d^  and  parts  of  2  others,  and  Desterro,  part  of  i  e?,  by  H.  H.  Smith. 
Carnegie  Museum,  Pittsburgh. 

Sào  Sebastiào,  November  i,  1900,  by  A.  Hempel,  ic?  i?.  Acad- 
emy,  of  Naturai  Sciences,  Philadelphia. 

Paraguay,  Sapucay,  January  27,  1903,  by  W.  T.  Poster,  i  ?  with 
males  of  gracile  minarum,     U.  S.  National  Museum. 

Argentina,  Sta.  Helena^^  east  side  Rio  Paranà,  December  21,  i 
spmn.,  by  H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 

71.  Acanthagrion  gracile  minarum. 

Acanthagrion  gracile  race?  minarum^  Selys,  Bull.  Acad.  Belg.  (2)   xli,  p.   309. 
1876. 

In  the  Biologia  Centrali- Americana,  Neuropt.,  p.  382,  record  is  made 
of  specimens  from  Central  America  having  abdominal  segment  7  black 
at  ihe  hind  end,  consequently  resembling  gracile  minarum.  Compar- 
ing  what  on  inspection  seemed  to  be  average  specimens  with  7  so 
colored,  I  obtained  the  following  measurements  in  raillimeters  : 

Surubres,         Gualan,  Guat-        Chapada, 


Costo  Rica. 

emala. 

Matto  Grosso. 

(I)  Widthofhead. 

3.16 

3.36 

2.48 

(  2 )  Width  of  one  pale  postocalar  spot, 

measured  at  rìght  angles  to  longi- 

tudinal  axìs  of  body. 

.6 

.5 

.36 

Ratio  of  (2)  to(i). 

•19 

.148 

.145 

(3)  Maximam   height  of  abdominal 

segment  io  in  profìle  view. 

1.28 

1.2 

.88 

(4)  Height  of  abdominal  segment  9  at 

anterior  end. 

.76 

.88 

.72 

Ratio  of  (3)  to  (4). 

1.68 

1.36 

1.22 

For  further  comparison  with  the  data  given  in  the  Biologia^  L  ^., 
for  the  examples  from  Gualan  and  Surubres,  fìfteen  males  of  gracile 
minarum  from  Chapada,  abdomen  21.5-24.5,  hind  wing  13. 5-1 5 
mm.,  give  the  following  numbers  of  postnodals:  on  the  front  wings, 
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9  (26.7  per  cent.),  io  (70  per  cent.),  11  (3.3  per  cent.);  on  the 
hind  wing  7  (6.7  per  cent.),  8  (73.3  per  cent.),  9  (20  per  cent.). 
On  the  hind  wings  of  these  fifteen  males,  M,  arìses  at  the  fourth 
postnodal  in  every  case,  Mj^  (=  ultranodal  of  de  Selys)  at  the  sixth 
(6.7  per  cent.),  seventh  (86.7  per  cent.)  or  eighth  (6.7  per  cent.) 
postnodal. 

Habitat:  —  Brazil,  Chapada,  by  H.  H.  Smith,  15  e?  and  parts  of 
25  ?  others,  i  9  and  parts  of  3  ?  others,  some  numbered  29,  35,  44, 
49,  79, 120,  148,  379by  thecollector.     Carnegie  Museum,  Pittsburgh. 

Paraguay,  Sapucay,  by  W.  T.  Foster,  January  16,  17,  and  27, 
1903»  4  e?,  numbered  16  by  the  collector.  United  States  National 
Museum.     The  single  female  from  Sapucay  is  gracile  type. 

72.  Acanthagrion  gracile  ablutum,  subsp.  nov. 

(PlATE  V,   FIG.   80.) 

c?.  Head  dark  brown  or  black  above,  each  large  blue  postocular 
spot  dotted  bere  and  there  with  black  ;  nasus,  a  mid-basal  labral  point, 
antennae,  and  in  some  even  the  lower  part  of  the  frons  and  the 
rhìnarium  black,  remainder  of  the  face  blue,  underside  and  rear  of 
head  very  pale  blue,  or  cream-color. 

Prothorax  black,  its  sides  inferiori^,  a  lateral  spot  and  a  pair  of 
median  dots  on  the  middle  lobe  blue.  Hind  margin  of  hind  lobe 
convex,  not  remarkably  produced. 

Remainder  of  thorax  blue,  the  following  black  :  a  mid-dorsal  band 
.88  mm.  wide  at  mid-height,  an  elongated  spot  at  the  upper  end  of 
the  humeral  and  of  the  second  lateral  suture,  a  line  on  the  upper  end 
and  a  round  dot  (often  brown)  at  about  mid-length  of  the  obsolete  first 
lateral  suture  ;  a  large  angular  brown  spot  occupies  the  lower  end  of 
the  mesepimeron  and  the  mesinfraepistemum. 

Abdomen  black,  the  following  blue  :  the  sides  and  under  surfaces 
of  I-IO,  except  where  encroached  upon  by  the  dorsal  black  at  the  hind 
ends  of  3-7  ;  a  transverse  anteapical  band  on  i  (and  in  some  also  on 
2)  ;  a  narrow  transverse  basai  ring  on  3-7,  coniluent,  at  least  in 
younger  specimens,  with  the  blue  of  the  sides  ;  nearly  ali  of  8  and  9, 
except  for  an  inferior  longitudinal  black  stripe  on  each  side  of  each 
segment.     Segment  io  and  the  appendages  as  in  gracile  type. 

Legs  black,  inferior  surfaces  of  femora  and  of  tibiae  pale  (bluish?). 

Wings  clear  ;  stigma  rhomboidal,  blackish,  its  costai  edge  longest  ; 
fore  wings  with  12-14  postnodals,  1 2  most  frequent  ;  hind  wings  with 
10-12  postnodals,   11  most  frequent;  M,  arising  nearest  the  fifth. 
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9.  Differs  from  the  male  as  follows:  upper  surface  of  head  olive, 
nasus  bluish,  with  a  short  black  line  on  each  side^antennse  olive  or  blue, 
black  of  prothorax  and  mid-dorsal  mesothoracic  stripe  replaced  by 
pale  brown,  hind  prothoracic  lobe  pale  brown  with  a  median  longi- 
tudinal  black  line,  line  on  the  upper  end  of  the  obsolete  first  lateral 
thoracic  suture  and  round  dot  on  the  same  suture  pale  brown,  abdom- 
inai  segment  8  black,  its  hindmost  dorsal  third  blue,  9  blue,  with  a 
broad  lateral  black  spot  on  each  side,  occupying  the  anterior  half  of  the 
segment,  io  blue,  a  black  stripe  oneach  side  and  a  black  line  along  its 
posterior  dorsal  margin,  the  margin  narrowly  cleft  medially  to  about 
half  the  length  of  the  segment.  Appendages  a  little  shorter  than  io, 
conical,  black  ;  anal  tubercle  and  genital  valves  blue,  "  palps  "  of  the 
latter  black. 

Legs  chiefly  pale  (blue?),  a  black  stripe  widening  distally  on  the 
antero-superior  face  of  each  femur,  and  a  narrower  black  line  on  the 
same  face  of  each  tibia,  tarsal  articulations  black. 

Front  wings  with  13-14  postnodals,  hind  with  11-12. 

Dimensions  :  Abdomen  e?  25-29,  ?  24.5-?;  hind  wing,  e? 
17. 5-19,  ?  18.5-20;  width  of  head,  e?  3.4,  9  3.4;  width  of  one 
postocular  spot,  e?  .64,  9  .68;  maximum  height  of  segment  io,  cT 
i.i  ;  height  of  segment  9  at  base,  d^  .84  ;  width  of  tip  of  dorsal  proc- 
ess  of  IO,  e?  .34;  maximum  width  of  io,  e?  .8  mm.  The  last  six  of 
the  dimensions  are  based  on  only  one  individuai  of  each  sex. 

Habitat  :  —  Bolivia,  near  Coroico,  Yungas,  May  2  and  io,  June 
7>  1899,  5  cT,  and  Chulumani,  November  29  and  December  17,  1898, 
2  9,  ali  by  W.  J.  Gerhard.  Academy  of  Naturai  Sciences  of  Phila- 
delphia. 

The  subspecifìc  name  proposed  alludes  to  the  absence  in  large  part 
of  the  usuai  black  humeral  stripe  of  A,  gracile^  by  which  absence  this 
subspecies  may  be  readily  recognized. 

73.  Acanthagrion  gracile  ascendens  n.  subsp. 

(Plate  V,  FiGS.  81,  8ia.) 
c?.  Agreeìng  closely  with  typical  gracile  and  in  its  chief  features 
resembling  specimens  from  Surubres  mentioned  under  gracile 
tninarum,  It  differs  from  ali  the  forms  of  gracile  known  to  me  in  its 
narraw  dorsal  process  on  abdominal  segment  io  combined  with  the 
great  height  of  that  segment,  the  process  being  only  one-third  as  wide 
as  the  segmenta  barely  notched  at  tip,  while  in  gracile  type  and  varieties 
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and  in  gracile  minarum  the  process  is  half  as  wide  as  the  segment. 
The  foUowing  measureroents  in  millimeters  may  be  compared  with 
those  given  under  the  preceding  subspecies  : 


(1)  Widthofhead. 

(2)  Width  oX  one  postocular  spot,  etc. 
Ratio  of  (2)  io  (i). 

(3)  Maximum  heìght  of  io. 

(4)  Height  of  9  at  base. 
Ratio  of  (3)  to  (4). 

(5)  Width  of  tip  of  process  on  io,  end  view. 

(6)  width  of  IO,  end  view. 
Ratio  of  (5)  to  (6). 

The  colors  of  gracile  ascendens  are  as  in  gracile  type,  the  hindmost 
sìxth  of  abdominal  segment  io  being  blue.  Front  wings  with  9  post- 
nodals,  hìnd  wings  with  8  ;  M,  and  M^^  arisi  n^  on  the  hind  pair  at  the 
fourth  and  seventh  postnodals  respectively.  Abdomen  27,  hind  wing 
16  mm. 

Habitat  :  —  Bra2IL,  Cachoeira,  by  H.  H.  Smith,  i  e?  numbered  46. 
Carnegie  Museum,  Pittsburgh. 

74.   Acanthagrion  apicale  Selys. 
(Piate  V,  figs.  82,  82^.) 
Habitat:  —  Perù,  Iquitos,  Staudinger,  ic?.     Museum  of  Compara- 
tive Zoology,  Cambridge,  Mass. 

75.   Acanthagrion  cuyab»  sp.  nov. 

(Plate  V,  FIGS.  85,  86.) 

d^.  Upper  surface  of  the  head  black,  with  the  usuai  pale  (green) 
postocular  spots  ;  face  up  to  the  level  of  the  second  antennal  joint  and 
includìng  the  first  joint  (and  in  some  also  the  anterior  surface  of  the 
second  joint)  pale  green  ;  a  short  line  on  each  side  of  the  nasus,  in 
some  a  mid-nasal  point  and  a  line  on  the  fronto-nasal  suture,  and  a 
mid-basal  labral  point,  black  ;  rear  and  under  surfaces  of  the  head  pale. 

Prothorax  black  ;  a  mid-dorsal  spot  on  its  front  lobe,  a  lateral  spot 
and  often  a  pair  of  median  dots  or  lines  on  the  middle  lobe,  and  the 
sides  inferiorly  pale  green  ;  hind  margin  of  hind  lobe  convex,  not 
remarkably  produced. 

Dorsum  of  remainder  of  thorax  black  ;  a  pale  green  antehumeral 
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stripe,  whìch  widens  inferìorly,  and  at  mid-height  is  one-third  to  one- 
half  as  Wide  as  the  black  mid-dorsal  band  and  one-half  to  three-fourths 
as  Wide  as  the  black  humeral  stripe  ;  sides  of  the  thorax  pale  green,  a 
short  black  line  at  the  upper  end  of  the  second  latenti  suture. 

Dorsum  of  abdoroinal  segments  1-7  and  io  black,  which  black  is 
narrowly  constricted  at  the  hìnd  end  of  i  and  the  base  of  3,  or  io 
some  intemipted  near  the  hind  end  of  i,  thus  forming  a  transverse 
green  ring,  widened  angularly  before  the  hind  end  of  2  and  sub- 
sequently  contracted  to  its  former  width,  widened  also  at  the  hind 
ends  of  3-7.  Sides  of  1-7  pale  green,  or  posteriorly  pale  blue,  con- 
fluent  with  a  narrow  green  ring  at  the  articulation  of  i  and  2  and  at 
the  base  of  4-7  ;  the  dorsal  black  of  2  extends  broadly  forward  to  the 
green  ring  above  mentioned  and  is  not  at  ali  pointed  anteriorly,  as  is 
the  case  on  3  ;  8  and  9  and  the  sides  of  io  blue.  Hind  margin  of  io 
but  very  slightly  elevated  into  a  process,  which  has  the  general  form 
of  that  of  ^.  gracile  and  is  truncated  at  the  tip. 

Superior  appendages  shorter  than  io,  of  the  general  form  of  those- 
of  A,  gracile^  but  shorter,  directed  ventrad  as  well  as  caudad  ;  in  pro- 
file view,  contracted  near  the  middle  of  their  length,  thicker  at  both 
base  and  apex,  which  latter  is  rounded  ;  in  dorsal  view  each  appendage 
has  an  inner  (mesal)  process  at  the  base,  which,  as  in  gracile^  is  in 
contact  with  the  process  of  its  fellow  of  the  opposite  side. 

Inferìor  appendages  shorter  than  the  superiors  and  than  those  of 
gracile  ;  each  curved  strongly  upward  in  its  distai  half  as  well  as 
towards  the  median  line. 

Legs  pale  green,  femora  with  a  superior  black  band,  tibise  with  a. 
superior  and  an  inferìor  black  line  less  marked  on  those  of  the  third 
legs,  tarsal  articulations  black. 

Wings  clear,  stigma  rhomboidal,  blackish,  its  costai  edge  longest. 
Front  wings  with  8-9  postnodals,  9  most  frequent  ;  hind  wings  with 
7-8  postnodals,  7  most  frequent,  M,  arising  nearest  the  fourth. 

Dimensions  :  Abdomen  23-25;  hind  wing  14-16;  width  of  head 
3  ;  width  of  one  postocular  spot  .56  ;  maximum  height  of  segment  la 
.76  ;  height  of  segment  9  at  base  .68  ;  width  of  tip  of  dorsal  process 
of  IO  .32  ;  maximum  width  of  io  .74  mm. 

?.  Unknown. 

Habitat  :  —  Brazil,  Cuyabà,  4  cT  and  parts  of  three  others  ; 
Uacaryzal,  i  e?  ;  Cachoeira  Cuyabà,  flooded  campos,  January  26,  2  ^' 
and  parts  of  7  others,  some  numbered  12,  24  or  25  by  the  collector;. 
ali  by  H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 
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76.  Acanthagrìon  cuyab»  fimense  subsp.  nov. 

(PlATE  V,  FIO.  84.) 

c^.  A  single  male  from  the  Sute  of  Bahia  is  perhaps  entìtled  to 
subspecific  rank.     It  difTers  from  cuyaba  type  as  follows  : 

Superior  abdominal  appendages  thicker,  heavier,  especially  as  seen 
in  profìle  view  ;  pale  colors  blue  throughout  instead  of  green  ;  mid- 
dorsal  thoracic  carina  reddish  ;  dorsal  black  on  abdominal  segment  2 
narrowing  anteriorly  on  the  first  third  of  the  segment,  but  not  pointed. 
Abdomen  24,  hind  wing  17  mm. 

Habitat  :  —  Brazil,  Bom  Firn,  State  of  Bahia,  Fazenda  de  Amaratu, 
November  20,  1907,  by  J.  D.  Haseman,  i  e?.  Carnegie  Museum, 
Pittsburgh. 

77.  Acanthagrìon  cuyab»  freirense,  subsp.  nov. 

(PlATE  V,  FIO.  83.) 

e?.  Differs  from  cnyabet  type  in  having  the  superior  appendages 
longer,  distai  portion  not  thicker  than  the  middle,  but  tapering  slightly 
to  the  rounded  apex,  dorsal  black  on  abdominal  segment  i  not  con- 
stricted  posteriorly,  black  of  2  forming  a  lance-head  spot  narrowing 
anteriorly,  but  not  pointed,  and  reaching  the  anterior  end  of  the  seg- 
ment by  a  band  the  width  of  which  is  .2  mm.  io  postnodals  on  the 
front  wings  ;  8  or  9  on  the  hind.  Abdomen  27,  hind  wing  17.5  mm.  ; 
maximum  height  of  abd.  seg.  io  i.o  ;  height  of  seg.  9  at  base  .92  mm. 

Habitat  :  —  Brazil,  Muniz  Freire  in  the  State  of  Espiritu  Santo, 
June  18,  1908,  by  J.  D.  Haseman,  i  e?.  Carnegie  Museum,  Pitts- 
burgh. 

This  male  approaches  A.  gracile  lancea  Selys,  but  differs,  so  far  as  I 
can  judge  from  the  descriptions  of  de  Selys  and  Ris'*  and  the  latter's 
figure  of  the  appendages,  in  having  the  inferior  appendages  more 
strongly  curved  upward,  the  superiors  not  reaching  so  high  up  on  the 
hind  surface  of  the  tenth  segment,  more  constricted  in  their  distai 
half,  (profilc  view),  the  tenth  segment  less  elevated  proportionally, 
and  the  black  on  the  dorsum  of  the  second  abdominal  segment  more 
extended  than  de  Selys  describes  for  gracile  lancea^  viz.:  **  une  tache 
dorsale  noire  en  form  de  fer  de  lance  appuyée  sur  le  bord  postérieur, 
où  elle  est  un  peu  rétrécie  et  formant  une  pointe  antérieure  s'arrétant 
à  la  moitié  du  segment,  ou  prolongée  presque  jusqu'à  la  base  sur  une 
lignc  très-fine." 

l'Hamburger  Magalh.  Sammelr.,  Odonaten,  p.  Il,  1904. 
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78.  Acanthagrìon  truncatum. 

(PlATK  V,  FIO.  87.) 
Acanthagrìon  truncatum  Selys,  Ball.  Acad.  Belg.  (2)  xli,  p.  311.     1876. 

The  foUowing  measurements,  taken  from  a  single  male,  are  added 
for  comparison  with  those  given  for  allied  species:  width  of  head 
2.72  ;  width  of  onepale  postocular  spot  .24  ;  maximum  height  of  ab- 
dominai  segment  io  .72  ;  height  of  abdominal  segment9  at  base  .72  j 
width  of  tip  of  dorsal  process  of  io,  end  view,  .24;  maximum  width 
of  IO,  end  view,  .56  mm. 

Twenty-fìve  males  and  three  females  give  the  following  data  on  the 
origin  of  M,  on  the  hind  wings  :  nearest  the  third  postnodal,  24  per 
cent,  e?,  33i  per  cent.  ?  \  midway  between  3d  and  4th,  30  per 
cent,  e?,  33^  per  cent.  9  ;  nearest  4th,  44  per  cent,  e?,  i6|  per 
cent.  ?  (i  hind  wing  9  broken). 

Habitat  :  —  Brazil,  Chapada  in  May,  by  H.  H.  Smith,  1 2  cT  and 
and  parts  of  18  others,  i  9  and  parts  of  2  others;  collector's 
numbers  77,  77^,  78,  79,  119,  146.     Carnegie  Museum,  Pittsburgh. 

Sete  Lagoas,  Minas  Geraes,  May,  1908,  by  J.  D.  Haseman,  i  c^. 
Carnegie  Museum. 

Saó  Paulo,  September  14,  1900,  by  A.  Hempel,  3  cf,  No.  304. 
Academy  of  Naturai  Sciences  of  Philadelphia. 

79.  Acanthagrìon  temporale. 

(Plate  V,  FIO.  92.) 
Acanthagrìon  temporale  Selys,  Bull.  Acad.  Belg.  (2)  xli,  p.  312.     1876. 

c?.  De  Selys'  description  was  based  on  a  pair,  the  male  of  which 
was  imperfect.  To  fili  up  the  gaps  thus  caused  in  his  account,  the 
following  notes  are  added  : 

Abdominal  segments  8  and  9  and  the  sides  of  io  blue,  dorsum  of 
IO  black,  Lts  hind  margin  with  the  usuai  median  semìcircular  excision, 
the  edges  of  which  are  elevated  into  a  process  having  a  truncated  tip 
when  viewed  from  behind. 

Superior  appendages  directed  strongly  downward  (ventrad)  as  well 
as  caudad,  about  equal  in  length  to  10,  when  allowance  is  made  for 
their  declined  position  ;  in  profìle  view  slightly  constricted  at  two- 
thirds'  length,  again  enlarged  at  the  apex  which  is  rounded  and 
slightly  notched. 

Inferior  appendages  projecting  caudad  to  ihe  same  Icvel  as  do  the 
superiors,  curved  slightly  upward  and  slightly  inward  at  apex. 
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Front  wings  with  8-9  postnodals,  hind  with  7  ;  90  per  cent,  of  the 
hind  wings  of  1 5  cT  have  M ,  arìsing  nearest  the  fourth  postnodal. 

Dimensions  :  Abdomen  1 9. 5-20  ;  hind  wing  1 2 . 5-1 3  ;  width  of  head 
2.76;  width  ofone  postocular  spot  .32  ;  height  of  abdominal  segroent 
10.8;  height  of  segment  9  at  base  .  76  \  width  of  dorsal  process of  io, 
end  view,  .22  ;  maximum  width  of  io,  end  view,  .64  mm.  The  last 
six  measurements  taken  from  one  individuai  only. 

? .  Nasus  black,  its  free  margin  narrowly  pale.  In  the  Cachoeira 
example  the  black  dorsal  marks  on  9  reach  the  whole  length  of  the 
segment.  Two  females  have  M ,  on  the  hind  wings  arìsing  nearest  the 
fourth  postnodal  ;  in  the  third  female  it  arìses  nearest  the  third.  Ab- 
domen 20-21.5,  hind  wing  14-15  mm. 

Habitat:  —  Brazil,  Cachoeira  Cuyabà,  flooded  campo,  January  26, 
2  cT,  I  9,  No.  15,  and  Chapada,  6  e?  and  parts  of  io  others,  and  of  i 
9,  nos.  77,  147,  147^,  ali  by  H.  H.  Smith.  Carnegie  Museum,  Pitts- 
burgh. 

Barreiras,  State  of  Bahia,  January  3, 1908,  i  imperfect  e?  ;  and  Sete 
Lagoas,  Minas  Geraes,  May  4,  1908,  i  9,  both  by  J.  D.  Haseman. 
Carnegie  Museum. 

80.  Acanthagrion  chararum,  sp.  nov. 

(PlATE  V,  FIGS.  88,  89.) 

e?.  Vertex  dark  blackish-brown,  this  color  reaching  down  between 
the  antennae  to  the  nasus,  which  may  be  of  the  same  color  narrowly 
bordered  with  blue  on  its  free  margin,  or  blue  with  a  dark  streak  on  each 
side.  Blue  postocular  spots  very  large,  separaied  only  incompletely 
from  the  pale  (cream  ?)  color  of  the  rear  of  the  head  by  a  narro w 
brownish  stripe.  Rhinarium,  labrum,  gense,  and  extemal  surfiaxes  of 
mandibles  pale  blue  ;  a  black  mid-basal  labral  point  ;  labium  pale  (blue 
or  cream -color?). 

Prothorax  blackish-brown,  front  lobe,  a  lateral  spot  and  a  pair  of 
median  lines  on  the  middle  lobe,  middle  of  the  hind  lobe  and  the 
sides  inferiorly  blue  ;  hind  margin  of  hind  lobe  convex,  low. 

Dorsum  of  meso-metathorax  dark  reddish-brown  ;  a  blue  antehu- 
meral  stripe  widening  somewhat  inferìorly,  at  mid-height  one-fourth 
to  three-fìfths  as  wide  as  the  dark  mid-dorsal,  and  one-half,  or  more, 
as  wide  as  the  dark  humeral  stripe  ;  the  dark  mid-dorsal  stripe  is 
much  contracted  at  its  extreme  anterìor  (lower)  end  ;  the  dark  hu- 
meral stripe  is  contracted  both  at  the  upper  and  near  the  lower  end  of 
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the  hutneral  suture  and  at  the  latter  its  outer  edge  bends  outward 
(laterad)  and  backward  (caudad)  almost  at  rìgbt  angles,  then  again 
downward  (ventrad)  and  forward  (cephalad)  on  the  lowerpartof  the 
mesepimeron,  continui ng  downward  over  the  mesinfraepisternum. 
These  dark  stripes  (humeral  and  mid-dorsal)  show  a  tendency  to 
become  black  along  the  middle  line  of  each  stripe  leaving  the  edges 
and  extremities  brown,  and  eventually  probably  become  black  through- 
out.  Sides  of  the  thorax  blue  ;  a  short  very  fìne  brown  or  black  line 
on  the  upper  end  of  the  obsolete  first  lateral  suture,  a  longer  thicker 
black  line  on  the  upper  end  of  the  second  suture,  in  some  continued 
downward  by  a  very  fine  line  ;  pectus  blue. 

Abdominal  segments  i  and  2  blue  ;  the  intersegmental  articulations  of 
I  and  2  and  of  2  and  3,  a  square  dorsal  basai  spot  on  i,  and  an  isolated 
triangular  dorsal  spot  with  its  anterior  angle  more  or  less  truncated  on 
the  middle  of  2,  black.  Dorsum  of  3-7  black,  having  a  lanceolate  form 
on  3  and  4,  narrower  and  more  acutely  pointed  anteriorly  on  3,  and 
markedly  contracted  at  three-fourths  or  four-fifths  of  the  length  of  the 
segment,  again  widening  to  the  hind  end  ;  sides  and  a  transverse  basai 
rìngon  3-7  blue,  blue  decreasing  in  extent  oneach  successive  segment. 
Segments  8-10  blue,  hind  margin  of  io  very  slightly  excised  and  elc- 
vated  into  a  low  process,  the  tip  of  which  in  rear  view  is  rather  rounded 
than  truncated. 

Superior  appendages  a  little  longer  than  io,  in  dorsal  view  nearly 
straight,  somewhat  divergent,  each  one  rather  narrow,  its  inner  edge 
straight,  outer  edge  slightly  convex,  apex  tapering,  subacute  ;  the  inner 
basai  process  of  each  appendage  corresponding  to  that  of  A,  gracile  is 
present,  but  concealed  under  the  hind  margin  of  io  ;  in  profìle  view 
each  appendage  rapidly  decreases  in  thickness  in  its  basai  half,  its 
upper  edge  slanting  caudad  and  ventrad,  its  lower  edge  nearly  horì- 
zontal,  distai  half  slenderer,  of  subuniform  thickness,  directed  slightly 
upward,  apex  subacute.  Inferior  appendages  about  two-fìflhs  as  long 
as  the  superiors,  appearing  merely  as  small  tubercles  applied  against 
the  lower  surfaces  of  the  superiors.  Legs  blue  ;  a  superior  band  on  the 
femora,  much  of  the  tarsi,  and,  in  some  at  least,  the  tibiae  blackish 
inferiorly. 

Wings  clear,  stigma  rhomboidal,  blackish,  its  costai  edge  more  often 
longer  than  the  proximal  or  distai  edges,  but  not  infrequently  equal  in 
length.  Front  wings  with  lo-ii  postnodals,  11  more  frequent  ;  hind 
wings  with  8-10  postnodals,  9  most  frequent;  M,  arising nearest  the 
fourth. 
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Dimensions  :  Abdomen  26-28.5;  hind  wing  18-19. 5;  width  of  head 
3.4;  width  of  one  postocular  spot  .72;  maximum  height  of  segment  i  o 
.96  ;  height  of  segment  9  at  base  .84  ;  width  of  tip  of  dorsal  process  of 
IO  about .  16  ;  maximum  width  of  10  .8  mm.  The  last  six  dimensions 
taken  from  one  specimen  only. 

$  unknown. 

Habitat  :  —  Brazil,  Cuyabà,  7  e?  and  parts  of  i  other  ;  Cachoeira, 
parts  of  2  ?  e?  numbered  26  by  the  coUector  \  ali  by  H.  H.  Smith. 
Carnegie  Museum,  Pittsburgh. 

The  specific  name  is  suggested  by  that  of  the  nearby  Charaes,  Xaraes, 
or  Jaraes  marshes,  taken  in  tum  from  that  of  a  former  Indian  trìbe. 

81.  Acanthagrion  chacoénse,  sp.  nov. 

(PLATE  V,  FIGS.  90,  91.) 

c?.  Vertex  black,  this  color  reaching  down  on  the  frons  betwcen  the 
antennae  almost  to  the  nasus,  which  is  also  black  narrowly  bordered 
with  blue  along  its  free  margin,  black  of  frons  and  of  nasus  connected 
by  a  vertical  black  line  ;  the  following  blue  :  postocular  spots,  a  dot 
on  each  side  of  the  median  ocellus,  a  larger  spot  behind  each  antenna- 
base,  a  short  line  between  the  median  ocellus  and  each  antenna,  genae, 
extemal  surface  of  mandibles,  labrum  (except  a  mid-basal  black  point) 
and  the  labium,  or  the  last  possibly  cream -color  in  life.  Rear  of  the 
head  partly  pruinose,  but  apparently  largely  blue. 

Prothorax  black  ;  sides  inferiorly,  a  dorsal  spot  on  the  front  lobe,  a 
pair  of  short  median  lines  on  the  middle  lobe,  a  mid-dorsal  trace  on 
the  hind  lobe,  blue  ;  hind  margin  of  hind  lobe  low,  convex,  slightly 
truncated,  and  with  a  minute  notch  medially. 

Dorsum  of  meso-metathorax  black  ;  a  blue  antehumeral  strìpe,  which 
is  narrowest  at  two-thirds'  height,  and  at  mid-height  is  one-third  aa 
Wide  as  the  black  mid-dorsal  and  one-half  as  wide  as  the  black  humeral  ; 
black  mid-dorsal  much  contracted  at  its  anterìor  (lower)  end  ;  black 
humeral  strìpe  uniting  at  its  upper  end  with  a  short  black  line  on  the 
upper  end  of  the  obsolete  first  lateral  suture,  at  its  lower  end  its  outer 
edge  bends  twice  similarly  to  the  condition  descrìbed  for  A.  chararum. 
Sides  blue,  a  black  strìpe  on  the  second  lateral  suture  from  the  upper 
end  to  more  than  half-way  to  the  level  of  the  metastigma  below,  which 
latter  is  a  blackish  spot.  Pectus  pale  blue,  a  blackish  area,  covered 
with  pruinose,  at  the  hind  end. 

Dorsum  ofabdominal  segment  i  black,  (in  the  Corumba  cT  a  narrow 
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transverse  apical  blue  ring),  sides  blue;  dorsum  of  2  black,  sides,  a 
narrow  transverse  basai  ring  (mid-dorsally  interrupted  by  a  fine  black 
line)  and  a  very  fine  transverse  apical  ring,  blue;  dorsum  of  3-7 
black,  this  color  narrowed  at  four-fìfths  of  each  segment's  length  and 
widened  greatly  in  the  hindmost  fìfth  ;  sides  and  a  transverse  basai  ring 
on  these  segments blue;  8 and  9  blue;  io  black,  except  ventrally,  other- 
wise  as  in  ^.  chararum. 

Superior  appendages  very  similar  to  those  of  A.  chararum^  but  in 
profile  view  a  little  thicker  at  the  base,  decreasing  in  thickness  more 
rapidly  in  the  proximal  half.     Inferiors  as  in  ^.  chararum. 

Legs  pale  blue  ;  femora  with  a  superior  stripe,  tibise  with  an  anterior 
line,  black. 

Wings  uncolored,  stigma  rhomboidal,  blackish,  its  costai  edge 
equal  to,  or  slightly  longer,  or  slightly  shorter,  than  the  proximal  or 
distai  edges.  Front  wings  with  10-12  postnodals,  hind  wings  with 
8-9  ;  M,  on  the  latter  arising  nearest  the  fourth  postnodal,  or  between 
the  fourth  and  fìfth. 

Dimensions  :  Abdomen  25-26  ;  hind  wing  17  ;  width  of  head  3.32  ; 
width  of  one  postocular  spot .  52  ;  maximum  height  of  segment  io  .92  ; 
height  of  segment  9  at  base  .76  ;  width  of  tip  of  process  of  io,  end 
view,  about  .16  ;  maximum  width  of  io  .84  mm. 

?  unknown. 

Habitat: — Bolivia,  Piedra  Bianca,  Aprii,  i  cT. 

Brazil,  Corumba,  May,  part  of  i  cT.  Both  specimens  by  H.  H, 
Smith,  Carnegie  Museum,  Pittsburgh. 

82.  AcanthagTìon  chirihuanum,  sp.  nov. 

(PlATE  V,  FIGS.  93,94.) 

c?.  Upper  surface  of  the  head  olive,  passing  gradually  into  grecnish- 
blue  on  clypeus  and  labrum  ;  each  large  blue  postocular  spot  is  bounded 
anteriorly  and  posteriorly  by  an  ill-defìned  blackish  line,  these  lines 
being  the  only  black  markings  on  the  head.  Rear  of  the  head  blue, 
labium  cream-colored. 

Prothorax  blue,  hind  margin  low,  slightly  trilobed,  median  lobe  a 
little  more  convex  than  the  lateral  lobes. 

Meso-roetathorax  blue  ;  a  mid-dorsal  black  band  narrowing  from  .36 
mm.  at  its  upper  (posterior)  end  to  .24  mm.  at  its  lower  (anterior) 
end.  In  the  imperfect  male  this  band  is  similarly  proportioned,  but  nar- 
rower.     A  short  black  mark  near  the  upper  end  of  the  humeral  suture 
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contìnued  downward  by  a  very  fine  brown  line  ;  a  brown  point  near 
the  lower  end  of  the  mesepìmeron  ;  a  small  black  spot  at  nearly  mid- 
length  of  the  obsolete  first  latenti  suture  ;  a  short  black  mark  at  the 
upper  end  of  the  second  latenti  suture. 

Abdominal  segments  1-3  chiefly  blue,  with  the  following  black  :  a 
square  dorsal  basai  spot  on  1,  the  intersegmental  articulations  between 
I  and  2  and  2  and  3,  a  short  isolated  transverse  band  on  the  dorsum 
of  2  at  two-thirds'  length,  and  the  hindmost  sixth  of  3.  Dorsum  of 
4-7  dark  brown,  becoming  black  at  the  hind  end  of  each  segment,  a 
narrow  transverse  basai  ring  on  each  and  the  sides  inferìorly  blue  ; 
8-10  blue,  hind  roargin  of  io  withamedian  dorsal,  almost  semicircu- 
lar,  excision,  reachìng  more  than  half-way  toward  the  anterior  margin 
of  the  segment,  edgesof  the  excision  onlyslightly  elevated,  presenting 
the  appearance  in  end  view  of  a  low  truncated  process  slightly  bilobed. 

Superior  appendages  in  dorsal  view  wider  than  long,  shorter  than 
IO,  bifid  at  apex,  branches  of  equal  length,  outer  branch  with  a  more 
acute  tip,  inner  branch  applied  against  the  inner  branch  of  its  fellow 
of  the  opposi  te  side,  the  surface  thus  in  contact  black,  while  the  rest  of 
the  appendage  is  pale  blue  ;  in  end  view  the  inner  branch  is  much 
higher  than  the  outer,  and  is  easily  recognized  by  its  black  contact- 
surface  just  meutioned;  in  profile  view  each  superior  appendage  is 
directed  slightly  upward  ;  upper  and  lower  edges  straight  and  slightly 
divergent,  the  apparent  apex  being  formed  by  the  moderately  convex 
black  posterior  margin  of  the  inner  branch,  on  which  is  silhouetted  the 
acute  pale  blue  tip  of  the  outer  branch.  Inferior  appendages  project- 
ing  caudad  about  twice  as  far  as  do  the  superiors,  thick  at  the  base, 
tapering  to  the  subacute  tip,  which  is  directed  upward  and  but  slightly 
toward  its  fellow  of  the  opposite  side. 

Legs  pale  blue,  femora  with  a  superior  blackish  band. 

Wings  clear,  stigma  rhomboidal,  blackish,  its  costai  edge  longest; 
front  wings  with  lo-ii  postnodals  ;  hind  wings  with  9  postnodals; 
M,  arising  nearest  the  fourth  or  (one  wing)  fifth. 

Dimensions  :  Abdomen25.5;  hind  wing  15. 5-1 6;  width  of  head 
3.68  ;  width  of  one  blue  postocular  spot  .64  ;  maximum  height  of  io 
.92  ;  height  of  9  at  base  .96  ;  width  of  tip  of  dorsal  process  of  io  .36  ; 
maximum  width  of  io  .64  mm. 

9  unknown. 

Habitat:  —  Brazil,  Cuyabà,  by  H.  H.  Smith,  i  e?  and  part  of  one 
other.     Carnegie  Museum,  Pittsburgh. 
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The  specifìc  name  proposed  ìs  derived  from  that  of  an  Indian  trìbe 
of  the  neighborhood. 

83.  Acantha^on  Intemiptum  Selys. 

Acanthagrùm  interruptum  Ris,  Hamburg.  Magai.  Sammelr.  Odon.,  p.  io,  fig.  4. 

1904. 

Habitat:  —  Chile,  Bafios  de  Cauquenes,  x  9.  U.  S.  National 
Museum. 

Talea,  2  c7  I  ?,  Lota  i  J*  i  ?,  Penco,  48  cT  16  9,  Concepcion, 
8  c^,  8  9>  ali  in  January,  1905.  Academy  of  Natund  Sciences, 
Philadelphia. 

Ali  the  above  specimens  were  collected  by  Sefior  Carlos  E.  Reed. 

84.  Acanthagrion  cheliferum. 
(PlatbV,  fig.  98.) 
Acanthagrion  t  cheliferum  Selys,  Bull.  Acad.  Belg.  (3)  zìi,  p.  319.     1876. 
Acanthagrion  cheliferum  Ris,  Hamburg.  Magai.  Sammelr.,  Odon.,  p.   12,  fig.  7 
(apps.^).     1904. 

Six  males  and  six  females  give  the  following  data  for  the  hind  wings  : 
costai  edge  of  stigma  longer  (100  per  cent,  e?,  83^  per  cent.  9)  or 
shorter  (i6|  per  cent.  9)  than  proximal  or  distai  edges  ;  M,  arising 
nearest  the  fourth  (75  per  cent,  e?,  100  per  cent.  9),  third  (16J  per 
cent.  (?),  or  midway  between  the  third  and  fourth  {Z\  per  cent,  e?) 
postnodal. 

As  noted  by  Dr.  Ris  for  his  material  from  Bahia,  so  in  the  present 
specimens  from  that  locali ty,  the  nasus  is  pale  blue,  except  for  a  black 
line  on  the  fronto-nasal  suture.  There  is  no  perpendicular  median  black 
line  on  the  frons  connecting  the  black  of  the  upper  part  of  the  frons 
with  that  of  the  nasus  ;  the  blue  postocular  spots  are  larger  as  well  as 
the  blue  latenti  spots  on  the  middle  lobe  of  the  prothorax  ;  this  lobe 
has  also  a  pair  of  median  blue  lines,  the  antehumeral  blue  stripe  is 
wider  and  abdominal  segment  8  is  entirely  blue.  Hagen  had  attached 
the  manuscript  name  of  rusticum  to  these  Bahia  examples,  and  this 
name  may  be  employed  subspecifìcally,  if  desìred.  The  abdomen  cf  is 
25  mm.,  hind  wing  e?  15. 5-17  mm. 

The  remainder  of  the  material  has  the  usuai  characters  of  cheliferum 
type,  with  abdominal  segment  8  black  or  dark  bronze-green  dorsally 
in  both  sexes,  except  in  one  male  from  Rio  Grande  do  Sul,  in  which 
the  hindmost  third  of  the  dorsum  of  8  is  blue,  confluent  with  that  of 
the  sides.     The  females  of  form  a  of  Ris  have  a  pair  of  basai  dorsal 
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black  spots  on  9.  Abdomen  c^  20.5-33,  $  20.5-22  ;  hind  wing  cf 
13-14. 5,  ?  14-15-5  ^^' 

Habitat:  —  Brazil,  Saó  Paulo,  September  14,  1900,  by  A.  Hempel^ 
3  paìrs  (the  9  ?  form  b  of  Ris),  no.  303  ;  and  Rio  Grande  do  Sul, 
by  H.  V.  Ihering,  2  c?i  2  9  (form  a  of  Ris),  no.  330.  Academy  of 
Naturai  Sciences  of  Philadelphìa. 

Argentina,  Santa  Helena,  Decembcr  21,  by  H.  H.  Smith,  x  ? 
(form  a  of  Ris).     Carnegie  Museum,  Pittsburgh. 

Subspecies  ?  rusticum  :  Brazil,  Bahia,  i  c^  and  parts  of  i  other  ? 
and  of  I  9.     Museum  of  Comparative  Zoology,  Cambridge,  Mass. 

Judging  from  the  scanty  material  before  me  the  females  of  cheliferum 
(and  rusticum)  differ  from  those  of  ambiguum  by  the  wider  head, 
3.1-3.2  mm.,  as  compared  with  2.8  mm.,  and  the  lower,  less  deeply^ 
bilobed,  hind  prothoracic  margin. 

85.  Acanttaagrlon  ambiguum. 

(PlATB  V,   FIG.   97.) 

Acanthagrùm  ambiguum^  Ris,  Hamburg.  Magai.  Sammelr.,  Odon.,  p.   13,  fìg.  8^ 

(»PI».  ^).     1904. 

In  the  present  material  :  the  costai  edge  of  the  pterostigma  varìes 
from  longer  than,  equal  to,  to  shorter  than  the  proximal  or  distai 
edges  ;  M,  on  the  hind  wings,  arìses  nearest  the  fourth  postnodal  in 
one  male  and  the  female,  nearest  the  third  on  the  right  side  and  mid- 
way  between  third  and  fourth  on  the  left  side  of  the  other  male. 
The  female  seems  to  be  form  b  of  Ris,  or  perhaps  is  intermediate  be- 
tween b  and  e  \  its  colors  are  somewhat  faded,  its  prothorax  is  reddish, 
with  a  transverse  black  line  between  the  middle  and  hind  lobes  ;  hind 
margin  a  little  higher  than  in  the  cT»  rather  deeply  bilobed. 

Abdomen  e?  19,  9  20  ;  hind  wing  e?  12,  9  14  mm. 

Front  wings  with  8-9  postnodals,  hind  wings  6-7. 

Habitat:— ?AKKG\]AY,  Villeta,  by  H.  H.  Smith,  2  cT,  i  9.  Car-^ 
negie  Museum,  Pittsburgh. 

86.  Skiallagma  simulacrumi  sp.  nov. 

(PLATE  V,  FIGS.  95,  96.) 

cJ*.  Vertex  obscure  olive,  areas  corresponding  to  the  pale  postocular 
spots  of  allied  genera  blackish,  or  dark  metallic-green  ;  a  reddish  line 
between  each  latenti  ocellus  and  the  base  of  the  antenna  of  the  same 
side  ;  face  up  to,  and  including,  the  second  antennal  joint  pale  greenish- 
blue  ;  rear  of  the  head'  pale  blue  ;  labium  cream-colored. 
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Prothorax  blue,  middle  of  hind  lobe  and  in  some  also  of  middle  lobe 
blackish,  hind  margin  flatly  convex. 

Meso-metathorax  blue^  a  mid-dorsal  band,  .32-.  52  mm.  wide  at 
mid-height,  very  slightly  narrower  below  (anteriorly),  dark  metallic- 
green,  margined  with  a  black  line  on  each  side,  or  entirely  black  ;  a 
black  line  on  the  entire  length  of  the  humeral  suture,  a  little  widened  at 
its  upper  end  ;  a  very  fine  short  black  line  on  the  upper  end,  and  a 
black  spot  near  mid-length  of  the  obsolete  first  lateral  suture  ;  a  black 
mark  at  the  upper  end  of  the  second  lateral  suture  ;  the  blue  ante- 
humeral  stripe  varies  in  width  from  wider  to  somewhat  narrower  than 
the  dark  mid-dorsal. 

Abdominal  segments  1-3  blue,  the  following  markings  black:  a 
square  basai  dorsal  spot  on  i,  occasi onally  connected  with  the  hind 
margin  of  the  segment  by  a  fine  black  line,  the  articulations  of  i  and  2 
and  of  2  and  3  very  narrowly,  a  rounded  spot  on  the  posterior  half  of 
2  connected  with  the  hind  end  of  the  segment  and  in  some  with  the 
anterior  margin  by  a  mid-dorsal  black  line,  and  the  hindmost  fourth 
of  3  ;  in  two  specimens  the  black  spot  on  2  is  reduced  to  an  isolated 
transverse  stripe.  Dorsum  of  4-7  dark  brown,  becoming  blackish 
on  the  hind  end  of  each  segment,  where  it  reaches  down  on  the  sides, 
which  latter,  together  with  a  transverse  basai  ring  on  each  segment, 
are  blue.  8  and  9  and  the  sides  of  io  blue.  Dorsum  of  io  black,  its- 
hind  margin  withamedian  concave  excision,  extending  from  one-third 
to  one-half  way  toward  the  anterior  margin  of  the  segment,  edges  of 
excision  somewhat  elevated  to  form  a  dorsal  process,  the  tip  of  which 
is  truncated  and  somewhat  bilobed  in  rear  view,  much  as  in  some 
species  of  Acanthagrion, 

Superior  appendages  in  dorsal  view  about  one-third  as  long  as  io, 
much  wider  than  long,  apex  as  wide  as,  or  wider  than,  the  base, 
shallowly  concave,  inner  apical  angle,  thus  formed,  slightly  more  acute 
than  the  outer,  each  appendage  in  contact  with  its  fello w  of  the  oppo- 
site  side  ;  in  profìle  view  the  lower  outer  portion  of  the  appendage  is 
prolonged  somewhat  downward,  and  the  more  acute  inner  apical  angle 
shows  as  a  minute  more  dorsally  placed  spine. 

Inferior  appendages  projecting  caudad  beyond  the  level  of  the  su- 
periors  for  a  dìstance  equal  to  about  one-half  of  the  length  of  the  latter, 
tapering  from  the  base  to  the  apex,  which  is  curved  upward  ;  the  apex  is- 
narrower  in  profìle  than  in  ventral  view,  as  in  the  latter  the  two  infe- 
riors  converge  and  the  apex  of  each  is  transversely  truncated. 
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Legs  pale  blue  ;  femora  with  a  superior  blackìsh  strìpe. 

Wings  clear,  stigma  grayish-brown,  its  costai  edge  longest,  vein  A 
(=  inferior  sector  of  the  triangle  of  de  Selys)  separatìng  from  the 
hind  margin  at  (85  per  cent,  front  wings,  70  per  cent,  hind)  or  distai 
to  (30  per  cent,  hind  wings)  the  cubito-anal  cross-vein  («=  basai  post- 
costal  vein  of  de  Selys);  front  wings  with  9-10  postnodals,  9  naore  fre- 
quent  ;  hind  wings  with  7-9  postnodals,  8  most  frequent  ;  M,  («=  nodal 
sector  of  de  Selys)  arising  nearest  the  fourth  (95  per  cent.).  The 
percentages  are  based  on  io  males. 

Abdomen  23.5-24.5  ;  hind  wing  14-16  mm. 

One  male  has  a  blackish  spot  on  the  middle  of  the  nasus  ;  an  ill-de- 
fìned  blackish  spot  on  the  lower  part  of  the  mesepimeron,  confluent 
with  the  lower  end  of  the  black  humeral  line,  and  the  black  on  abdom- 
inal  segment  3  prolonged  forward  to  within  one-fìfth  of  the  length  of 
the  segment  from  the  base  as  a  narrow  stripe  very  acutely  pointed 
anteriorly.  The  venlral  side  of  the  thorax  is  pruinose,  so  that  these 
additional  black  markings  are  perhaps  accompaniments  of  age. 

One  other  male  shows  traces  of  pale  postocular  spots  ;  possibiy  in 
this  species  there  is  an  ontogenetic  disappearance  of  these  spots  as  in 
Hesperagrion  heterodoxum  (Selys)  of  Mexico.*® 

?.  Unknown. 

Habitat  :  —  Brazil,  Cuyabà,  4  e?  and  parts  of  8  others  ;  Cuyabà, 
lakes,  January,  1886,  part  of  i  d*  ;  Cachoeira  Cuyabà,  flooded  campo, 
January  26,  part  of  i  e?,  no.  13  ;  ali  by  H.  H.  Smith.  Carnegie  Mu- 
seum,  Pittsburgh. 

Skiallagma  simulacrum  shows  an  extraordinary  resemblance  in  form 
and  color  to  Acanihagrion  chirihuanuniy  a  resemblance  which  has 
suggested  the  specific  name  bere  proposed.  It  differs  from  that 
species  at  once  in  the  shape  of  the  abdominal  appendages  and  in  the 
absence  of  pale  postocular  spots. 

From  the  descrìption  of  the  only  other  known  species  of  Skiailagma, 
S»  òauert  Forster,'^  S,  simulacrum  differs  in  the  greater  extent  of  blue 
on  the  face,  prothorax,  meso-thoracìc  dorsum,  and  abdominal  segment 
3  ;  the  shorter  superior  and  the  longer  (  relati  vely  to  the  superiors,  at 
least)  inferior  abdominal  appendages. 

^  Cf.  Biologia  Centrali -Americana,  Neuropt.,  p.  103. 

'^  Insekten  Bórse,  xxiii,  p.  15,  1906.  In  that  descrìption,  second  column,  4th 
line,  for  '«  Thorax"  read  ««  Abdomen." 
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Genus  Oxyagrion. 

The  genera  Oxyagrion  and  Telebasis  {Erythragrion  Selys)  are 
much  alike,  differing  chiefly  in  the  presence  of  a  vulvar  spine  in  the 
females  of  the  former  and  its  absence  in  the  latter.  De  Selys  has  also 
suggested  "  that  in  the  males  of  Oxyagrion  one  or  more  of  the  pos- 
terior  abdominal  segraents  are  blue,  while  this  is  not  the  case  in 
Telebasis.  Of  the  ten  species  which  he  referred  to  Oxyagrion  in 
iSyd,*"  three,  however  {pavidum,  tniniopsis  and  basale) y  bave  no  blue 
abdominal  segmenta  so  that  this  distinction  is  not  very  helpful. 

A  bctter  character  is  perhaps  furnished  by  the  color-pattem  of  the 
thoracic  dorsum,  which  in  Oxyagrion  never  presents  any  darker  mark- 
ing  than  brown,  while  in  Telebasis  there  is  always  present  a  dark 
metallic-green  or  black  stripe  or  band  on  each  mesepisternum. 

87.  Oxyagrion  pavidum  Selys. 

Habitat:  Brazil,  Desterro,  December,  one  pair  e??,  by  H.  H. 
Smith.     Carnegie  Museum,  Pittsburgh. 

88.  Oxyagrion  terminale  Selys. 

Oxyagrion  terminale  Ris,  Hamburg.  Magai.  Sammelr.  Odon.  p.  9,  fig.  2.     1904. 

Habitat  :  —  Brazil,  Rio  Grande  de  Sul,  by  H.  H.  Smith,  i  e?. 
Carnegie  Museum. 

Paraguay,  Sapucay,  December,  1899,  by  W.  T.  Poster,  i  e?. 
U.  S.  N.  M. 

89.  Oxyagrion  evanescens,  sp.  nov. 

(PlATB  III,  FIG.  51  ;    PLATB  vili,  FIG.  I42.  ) 

d*.  Vertex  and  labrum  obscure,  blackish  or  reddish-brown  ;  traces 
of  a  reddish  spot  on  each  side  a  little  anterior  to  the  area  occupìed  by 
the  pale  postocular  spot  of  allied  genera  \  frons,  clypeus,  and  antennae 
red  ;  free  margin  of  labrum,  genae,  labium,  and  rear  of  head  yellow. 

Prothorax  and  thoracic  dorsum  reddish-brown;  hind  prothoracic 
margin  low,  convex  ;  sides  and  ventral  surface  of  meso-metathoracic 
pale  greenish-yellow  ;  a  short  black  mark  at  the  upper  ends  of  humeral 
and  second  lateral  sutures. 

Abdominal  segments  i-8  red,  x  and  2  yellow  inferiorly  ;  a  pair  of 
anteapical  dorsal  blackish  spots  on  8  ;  9  pale  (blue?),  with  a  blackish 

<*BuIl.  Acad.  Belg.  (2)  xlii,  p.  956. 
"/.  Cf  xli,  p.  291  et  scq. 
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or  brownish  spot  or  stripe  on  each  side;  io  obscure,  with  a  blue? 
dorsal  spot  and  a  brown  lateral  mark. 

Hind  margin  of  io  excised  mid-dorsally  one-fourth  way  toward 
base,  margins  of  excìsion  elevated,  forming  a  process  the  tip  of  which 
in  rear  view  is  truncated. 

Superior  appendages  in  dorsal  view  about  two-thirds  as  long  as  io, 
black,  inner  surface  pale,  narrowing  from  base  to  apex,  which  lies  at 
the  outer  edge  of  the  appendage,  so  that  while  the  outer  edges  of  the 
two  appendages  are  subparallel,  their  inner  edges  are  decidedly  diverg- 
ing  from  the  supero-internal  basai  process  of  each,  which  approaches, 
but  is  not  applied  against,  its  fellow  of  the  opposite  side  ;  in  profile 
view  each  superior  appendage  is  directed  downward  as  well  as  caudad, 
and  is  of  uniform  thickness  in  its  proximal  two-thirds  or  half,  narrowed 
on  its  upper  edge  in  the  remaining  distai  portion,  apex  rounded. 

Inferìor  appendages  in  profìle  view  reaching  to  the  level  of  two- 
thirds  or  more  of  the  superiors;  basai  half  thick,  rounded,  upper  margin 
prolonged  as  a  slender  process  to  form  the  distai  half  of  the  appendage, 
curved  upward  and  inward,  apex  acute. 

Legs  pale  yellow  ;  third  tibia  with  7-8  spines  in  the  anterior  (outer) 
row. 

Wings  clear,  veins  pale  brown  ;  stigma  red,  very  small,  oblique, 
surmounting  from  one-third  of  a  celi  to  slightly  less  than  one  celi, 
variable  in  its  proportions,  costai  edge  on  the  front  wings  more  often 
longer  than  the  proximal  or  distai  edges,  but  on  the  hind  wings  longer 
than,  equal  to,  or  shorter  than  those  edges.  Vein  A  (s  inferior  sec- 
tor  of  the  triangle  of  de  Selys)  separating  from  the  hind  margin  at,  or 
distai  to,  the  cubito-anal  cross- vein  (»=  basai  postcostal  of  de  Selys). 
M,  (s  nodal  sector  of  de  Selys)  arising  on  the  hind  wings  nearest  the 
fourth  or  third  postnodal.  Postnodals  on  the  front  wings  7-8  (7),  on 
the  hind  6-7  (6),  the  parentheses  enclosing  the  numbers  of  greatest 
frequency. 

Dimensions  :  Abdomen  20-21  ;  hind  wing  I3-I4«S  ™ra. 

?  unknown.    . 

Habitat:  —  Brazil,  Chapada,  by  H.  H.  Smith,  3  e?  and  parts  of  5 
others.     Carnegie  Museum,  Pittsburgh. 

The  specifìc  name  proposed  has  been  suggested  by  the  small  size  of 
the  pterostigma. 
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90.  Ozyagrion  diyarlcatum  sp.  nov. 

(PlATE  III,  FIGS.  47,  48.) 

d*.  Dorsal  surface  of  head,  "of  nasus,  and  of  thorax  pale  reddish- 
brown,  redder  on  thorax  than  on  the  head  ;  lower  margin  of  frons, 
gense,  labium,  and  under  and  rear  surfaces  of  head,  legs,  mudi  of  the 
ventral  surface  of  the  thorax  and  sides  of  the  abdomen  inferiorly  yel- 
low  ;  labrum  (its  free  margin  yellow)  and  dorsum  of  abdominal  seg- 
ments  1^6  bright  red.  Labrum  yellow,  thoracic  dorsum  paler, 
ochreous,  in  young  individuals. 

Hind  margin  of  prothorax  slightly  produced  into  a  median  angle. 
Mesepimera  and  metepimera  each  with  a  rather  wide  dull-yellowish 
band,  the  area  posterior  to  each  band  reddish-brown  of  the  same 
shade  as  the  thoracic  dorsum  ;  possibly  these  bands  may  be  due  to 
post-mortem  discoloration  ;  they  are  not  evident  in  the  young. 

The  following  abdominal  markings  are  black  :  a  fine  transverse  ring 
on  the  intersegmental  articulations  beginning  with  that  between  2  and 
3  ;  a  dorsal  spot  on  the  hind  third  to  sixth  of  6,  but  in  some  stili  smaller, 
and  then  isolated  from  the  hind  end  of  the  segment  ;  dorsum  of  7 
(except  at  the  anterior  end  in  some),  8,  and  io.     9  is  blue. 

Hind  margin  of  io  medially  elevated  into  a  process  with  a  rather 
narrow  and  slightly  bifid  tip.  Superior  appendages,  viewed  from 
above,  a  little  longer  than  io,  reddish  at  base,  blackish  at  apex,  di- 
verging  throughout  their  length,  each  one  with  its  outer  edge  slightly 
convex,  inner  edge  slightly  concave,  narrowing  to  the  subacute  apex  ; 
in  profile  view  each  appendage  is  directed  upward  with  the  terminal 
third  of  the  upper  edge  truncated  almost  horizontally,  thus  producing 
a  fairly  acute  tip  at  the  distai  end  of  the  lower  edge.  The  inner  and 
ventral  surfaces  of  each  superior  appendage  are  grooved  longitudinally. 

Inferior  appendages  in  profile  view  higher  than  long,  upper  apical 
angle  slightly  produced  upward  and  caudad  as  a  slender  process,  which 
reaches  to  about  one-fourth  of  the  length  of  the  superiors,  inferior 
apical  angle  rounded. 

Wings  clear,  venation  brown,  darkening  with  age  ;  stigma  red,  its 
costai  edge  longest. 

9.  Differs  from  the  e?  as  follo ws:  less  red  in  the  brown  of  head 
and  of  thorax  ;  labrum  and  sides  of  thorax  yellowish -brown  ;  the  fol- 
lowing black  :  a  small  mid -dorsal  spot  on  i,  a  transverse  mark  at  two- 
thirds'  length  of  2  and  at  four-fifths'  length  of  3,  the  last  fìfth  of  4  with 
a  mid-dorsal  line  or  stripe  running  forward  for  more  than  half  the  length 
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of  the  segment,  or  merely  an  isolated,  anteapical  spot  in  the  last  fìfth, 
posterior  five-sixths  of  the  dorsum  of  5,  and  ncarly  ali  of  the  dorsum 
of  6-10,  narrowing  posteriorly  on  9  and  io.  Sides  of  6-10  brownish 
yellow.  Appendages  ochreous,  slightly  shorter  than  io,  conical. 
A  ventral  posterior  spine  on  8.  Genital  valves  not  reaching  to  the  level 
of  the  hind  end  of  the  anal  tubercle  (iith  segment)^  ochreous,  their 
palps  blackish-brown.  Pterostigma  brownish-yellow.  Hind  margin 
of  prothorax  directed  vertically  upward,  instead  of  sloping  upward  and 
caudad,  as  in  the  case  of  the  cT* 

In  the  young  ?  the  head  and  thorax  are  brownish-yellow  ;  the  pale 
color  of  abdominal  segments  1-5  is  yellowish  instead  of  redjdark 
markings  on  i-io  dark  metallic-green,  instead  of  black. 

e?  ? .  Anal  vein  (  =  inferior  sector  of  the  triangle  of  de  Selys) 
separating  from  the  hind  margin  at,  or  distai  to,  the  cubito-anal  cross- 
vein  (  a=  basai  postcostal  of  de  Selys)  on  both  front  and  hind  wings. 
Front  wings  with  8-9  (e?)  or  9-10  (9)  postnodals,  9  more  frequent. 
Hind  wings  with  6-7  (e?)  or  7-8  (  9  )  postnodals,  7  more  frequent. 
M,  (  ss  nodal  sector  of  de  Selys)  arising  nearest  the  fourth  postnodal. 

Dimensions  :  Abdomen  e?  24-25,9  25;  hind  wing  cTiS-S-ió-S,  9 
17-18.5  mm. 

Habitat  :  —  Brazil,  Chapada,  by  H.  H.  Smith,  6  cT  and  parts  of 
4  others,  i  9  and  parts  of  4  others,  nos.  81  and  143.  Carnegie 
Museum,  Pittsburgh. 

Saó  Paulo,  Septembcr  5  and  7,  1900  by  A.  Hempel,  i  cT,  i  9 . 
Academy  of  Naturai  Sciences  of  Philadelphia. 

91.   Ozyagrion  hempell  sp.  nov. 
(Piate  III,  figs.  52,  53.) 

cT.  Dorsal  surface  of  head  and  of  nasus  black,  an  ill-defìned  reddish 
spot  on  each  side  a  little  anterior  to  that  occupied  by  the  pale  postocular 
spots  of  allied  genera.  Gens,  labrum,  (and  lower  part  of  frons?), 
pale  blue.     labium  and  rear  of  head  pale  yellowish. 

Thorax  reddish  ;  hind  prothoracic  margin  low,  convex  ;  a  narrow 
mid-dorsal  mesothoracic  stripe  about  three  times  as  wide  as  the  carina 
on  which  it  lies  ;  mes-  and  metepimera  each  with  a  rather  broad  pale 
greenish-brown  or  pale  olive  band,  possibly  due  to  postmortem  dis- 
coloration. 

Abdominal  segments  1-6  bright  coral-red  dorsally,  the  following 
black  :  a  fine  transverse  ring  at  the  intersegmental  articulationsbegin- 
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ning  with  that  between  2  and  3,  a  rounded  dorsal  spot  on  the  last  fìfth 
of  5  and  of  6,  the  dorsum  of  7  and  of  io,  a  superìor  dot  (at  three- 
fifths'  length  of  8  and  midway  on  9)  and  an  inferìor  longitudìnal  stripe 
on  each  side  of  8  and  9,  which  are  otherwise  blue.  Ventral  surface  of 
the  abdomen  chiefly  yellow. 

Hind  dorsal  margin  of  io  medially  elevated  and  excised,  the  process 
so  formed  having  a  tip,  which  in  rear  view  appears  to  be  about  one- 
fourth  as  wide  as  the  segment  and  slightly  bilobed. 

Superìor  appendages  in  dorsal  view  subequal  in  length  to  io,  sub- 
parallel,  widest  at  mid-length,  apex  subobtuse  ;  in  profìle  view  they 
are  directed  caudad  only  slightly  downward,  taperìng  from  base  to 
the  subacute  apex. 

Inferìor  appendages  in  profìle  view  with  the  upper  apical  angle  pro- 
longed  as  a  process  reaching  to  three-fìfths  of  the  length  of  the  superiors 
and  directed  caudad,  not  curved  upward  ;  in  ventral  view  the  processes 
of  the  two  inferìors  converge  somewhat,  the  tip  of  each  terminating 
on  the  inner  side  in  a  minute  black  hook. 

Legs  pale  yellow 

Wings  clear,  great  veins  of  the  anterior  portions  pale  brown  ; 
stigma  red,  very  oblique,  costai  edge  equal  to  or  shorter  than  the 
proximal  edge  ;  vein  A  (a  inferìor  sector  of  the  triangle  of  de  Selys) 
separating  from  the  hind  margin  at  the  cubito-anal  cross-vein  (=»  basai 
postcostal  of  de  Sefys).  Front  wings  with  11-12  postnodals.  Hind 
wings  with  9  postnodals  ;  M,  (=s  nodal  sector  of  de  Selys)  arìsing  at  the 
fourth. 

Abdomen  28,  hind  wing  19  mm. 

?  unknown. 

Habitat:  —  Brazil,  Sad  Paulo,  September  14,  1900,  by  A.  Hempel, 
I  d^.     Academy  of  Naturai  Sciences  of  Philadelphia. 

92.  Ozyagrion  rufulum  Hagen. 

(PlATE  III,  FIGS.  49,  50.  ) 

Agri9n  rufulum  Hagen,  Sjm.  Neur.  N.  Amer.,  p.  86.     1861. 
Oxyagrion  rufulum  Selys,  Bull.  Acad.  Belg.  (2),  xli,  p.  302.     1876. 

Both  descrìptions  of  this  species  arebased  on  imperfectspecimens, 
whereforc  the  following  : 

cf .  To  an  example  from  Quillota,  bearìng  the  label  *  *  Agrion  vicinum  cJ* 
Hagen,"  I  attached  the  following  label  in  1899,  '<  Agrees  with  Hagen's 
type  of  Ag,  rufulum  which  has  lost  last  three  abd.  segs."     I  have  not 
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since  seen  the  type  ;  the  Quillota  male  differs  from  the'more  detaìled 
of  the  above  descriptions  (de  Selys*)  as  follows  :  Pterostigma  sur- 
mounting  the  whole  of  one  celi,  ii  postnodals  on  the  front  wings,  9 
on  the  hind  ;  thoracic  dorsum  uniformly  dark  red  with  no  indications 
of  bands  ;  sides  reddish-yellow  without  bands.  Abdominal  segraent  7 
red  as  in  6,  8-10  yellowish-red,  only  the  middle  of  the  hind  dorsal 
margin  óf  io  blackish  adjacent  to  a  median  excision,  the  curved 
margìn  of  which  is  elevated  into  a  dorsal  process,  which  viewed  from  be- 
hind  shows  a  truncated  tip  nearly  half  as  wìde  as  the  maximum  width  of 
IO.  IO  is  a  little  more  than  half  as  long  as  9  in  dorsal  view,  the  superior 
appendages about  one-and-one-third  times  as  long  as  io,  butshorter  than 
9.  The  outer  margin  of  each  appendage  is  convex  and  curved  inward 
(mesad)  at  the  apex  ;  inner  margin  slightly  widened  to  one-fourth  of 
the  length,  thence  narrowed  to  two-thirds'  length,  where  a  strong  tri- 
angular  tooth  projects  inward  almost  at  right  angles,  and  is  hardly 
distinct  on  its  distai  side  from  the  rounded  apex  of  the  appendage. 
Viewed  from  behind,  each  superior  appendage  shows  a  supero-intemal 
basai  process,  ending  in  a  black  tip  applied  against  the  corresponding 
process  of  the  other  side  almost  within  the  tenth  segment  itself.  In 
profìle  view  each  superior  appendage  is  directed  caudad  and  slightly 
downward'in  its  basai  half,  slightly  upward  in  its  extremity,  thicker  at 
the  immediate  base,  then  rather  abruptly  slcnderer,  gradually  thick- 
ening  to  three-fourths'  length,  from  which  point  the  lower  margin  is 
truncated  caudad  and  upward  to  the  subacute  apex. 

Inferior  appendages  in  profìle  view  reaching  to  a  little  more  than  the 
level  of  half  of  the  superiors,  tapering  rapidly  in  the  basai  half;  distai 
half  forming  a  rather  slender  process,  which  is  curved  moderately 
upward  and  ends  in  an  acute  tip. 

Costai  edge  of  the  pterostigma  the  longest  on  ali  the  wings.  Vein 
A  (s  inferior  sector  of  the  triangle  of  de  Selys)  separating  ' from  the 
hind  margin  of  the  wings  at  (front),  or  a  little  distai  to  (hind)  the 
cubito-anal  cross- vein  (s  basai  subcostai  of  de  Selys).  M,  (»  nodal 
sector  of  de  Selys)  arising  on  the  hind  wings  at  the  fourth  (left),  or 
between  the  fourth  and  the  fifth  (right),  postnodal. 

8-9  spines  in  the  anterior  (outer)  row  of  the  third  tibia. 

Abdomen  26.5,  hind  wing  18  mm. 

An  immature  male  from  Penco  is  perhaps  of  the  same  species,  but  the 
appendages  are  distorted,  so  that  some  doubt  remains.  It  has  the 
pterostigma  yellow,  grayish  in  the  center,  surmounting  less  than  one 
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celi  on  ali  wings  ;  superior  (anterìor)  side  of  the  quadrilateial  of  the 
front  wings  longer,  two-fìf\hs  as  long  as  the  posterìor  side,  13  post- 
nodals  on  the  front  wings,  io  (right)-i2  (left)  on  the  hind,  colors 
similar  to  those  of  the  Quillota  c^  but  paler  ;  no  markings  or  bands  on 
the  thorax  ;  M,  arising  between  the  fourth  and  fìfìh  postnodals  on  the 
hind  wings  ;  abdomen  26.5  ;  hind  wing  19  mm. 

?.  A  female  from  Penco  agrees  with  the  first  Chilian  female  de- 
scrìbed  by  de  Selys,  assuming  that  the  abdomen  of  the  latter  was  red- 
dish-yellow.  Abdominal  segment  7  has  a  mid-dorsal  bronze  band  of 
equal  width  to  that  on  6,  but  not  widened  at  the  hind  end  of  the  seg- 
ment which  is  attained  ;  8  has  a  similar  band  for  the  anterior  two- 
thirds  of  its  length  ;  9,  io,  and  the  appendages  yellow,  unspotted,  the 
last  one-and-one-half  times  as  long  as  io.  A  strong  ventral  apical 
spine  on  8.  Genital  valves  yellow,  not  reaching  to  the  level  of  the 
hind  end  of  io,  their  **palps**  also  yellow,  barely  attaining  the  level 
of  the  hind  end  of  11  (anal  tubercle).  Front  wings  with  11  (right) 
-13  (left)  postnodals;  hind  with  11,  at  the  fifth  of  which  M,  arises. 
Abdomen  26,  hind  wing  19  mm. 

A  female  from  Cordova,  probably  younger,  is  intermediate  in  ab- 
dominal markings  between  de  Selys*  two  Chilian  females,  having  i 
and  2  unmarked,  3-6  with  a  very  narrow  mid-dorsal  bronze  stripe 
widened  posteriorly  on  each  into  the  **  petite  tète  ronde,**  7  and  8 
bave  the  mid-dorsal  bronze  stripe  wider,  apparently  reaching  the  entire 
length  of  8,  dorsum  of  9  obscure  at  its  hind  end  ;  1 1  postnodals  on  the 
front  wings,  9  on  the  hind  ;  other  details  as  above  given  for  the  Penco 
female.     Abdomen  26,  hind  wing  19.5  mm. 

Habitat  :  Chile,  Quillota,  i  e?.  Museum  of  Comparative  Zoology, 
Cambridge,  Mass. 

Penco,  January,  1905,  by  Carlos  E.  Reed,  i  d*,  i  ?.  Academy 
of  Naturai  Sciences  of  Philadelphia. 

Argentina,  Cordova,  i  ?.  Museum  of  Comparative  Zoology, 
Cambridge,  Mass. 

Judging  from  de  Selys*  description  of  O,  rubidutn  (Rambur),  that 
species,  known  by  the  male  only,  is  very  dose  to  O,  rufulum,  differing 
only  in  the  slightly  longer  abdomen  and  in  the  coloring  of  its  last  four 
segments.  It  is  also  possi  ble  that  one  or  more  of  the  females  bere  or 
elsewhere  referred  to  O,  rufulum  may  properly  belong  to  O,  rubidum. 
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93.  Ozyagrìon  basale  Selys. 
(PlateIII,  figs.  54,  55.) 
Oxyagrion  basale  Selys,  Bull.  Acad.  Belg.  (2)  xli,  p.  303.     1876. 

cJ^.  The  considerable  number  of  individaals,  which  I  refer  to  this 
species,  differ  in  the  following  respects  fronti  de  Selys'  descrìption  based 
OD  a  single  male  from  '< Brésìl": 

Quadrìlateral  on  the  front  wings  with  the  superior  (anterìor)  side  a 
little  longer,  in  others  a  little  shorter,  than  the  internai  (proximal)  side 
and  about  two-fìfths  to  one-third  as  long  as  the  inferior  (posterior) 
side  ;  on  the  hind  wings  the  superior  side  is  longer  than  the  internai 
and  half  as  long  as  the  inferior.  Black  mid-dorsal  thoracic  band  mar- 
gined  on  each  side  in  some  by  a  yellow  line.  Often  a  superior  black  dot 
on  each  side  of  abdominal  segment  8  at  two-thirds'  length,  black  on 
dorsum  of  9  and  io  reaching  to  the  hind  end  of  each  segment,  or  of  ^ 
only,  longitudinally  divided  by  red  in  the  anterior  half  only  of  9. 
Apices  of  the  inferior  appendages  acute,  curved  upward  and  inward. 
More  or  less  well-defìned  pale  green  postocular  spots  dotted  with  black 
similar  to  the  black  dotting  of  the  thoracic  dorsum. 

The  younger  males  differ  from  the  older  ones  (to  which  latter  de 
Selys'  descrìption  applies)  as  follows  :  labium  and  rear  of  the  head 
pale  yellowish,  upper  surface  of  the  head  reddish  brown,  as  also  are  the 
areas  dotted  with  black,  on  which  the  greenish  postocular  spots  of  older 
stages  are  present  ;  prothorax  brown,  with  black  lines  occupying  the 
varìous  grooves  and  sutures;  thoracic  dorsum  yellowish-brown  ;  no  mid- 
dorsal  black  band,  inferior  humeral  spot,  or  lateral  band,  but  numer- 
ous  blackish  dots  on  the  mesepisterna,  less  numerous  on  mesepimera 
and  metepistema,  absent  from  the  metepimera  ;  a  short  black  mark  on 
the  upper  ends  of  the  humeral  and  second  lateral  sutures  ;  red  of  the 
abdomen  less  brilliant;  dorsum  of  1  and  2  reddish -brown,  of  7-10  yel- 
lowish-brown ;  a  superior  darker  brown  spot  on  each  side  of  9  and  of 
10,  a  transverse  dorsal  blackish  streak  on  io  ;  pterostigma  paler  brown  ; 
legs  yellowish,  with  a  superior  femoral  and  an  anterior  tibial  blackish 
stripe,  or  line,  more  or  less  interrupted. 

Subscquently  the  upper  surface  of  the  head  and  of  abdominal  seg- 
ments  i  and  2  darkens  and  the  greenish  postocular  spots  appear  before 
the  black  mid-dorsal  thoracic  stripe. 

?  (not  hitherto  described).  Labium,  under  and  rear  surfaces  of 
head,  and  genae  pale  yellow  ;  vertex  and  frons  olive,  the  latter  paler 
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inferìorly  ;  ill-defined  greenish  postocular  spots,  yellow  of  rear  of 
head  immediately  adjoining  dotted  with  black,  nasus  and  labrum 
obscure  olive. 

Prothorax  greenish-brown,  the  grooves  and  sutures  occupìed  by 
dark  lines,  a  curved  brown  mark  on  each  side  of  the  middle  lobe  ; 
meso-metathorax  greenish,  its  markings  as  above  descrìbed  for  the 
younger  males. 

Abdominal  segment  i  yellowish,  with  a  dorsal  black  spot  ;  2-10  at 
first  yellow,  later  red,  with  the  following  black  markings  :  a  transverse 
line  on  the  intersegmental  articulatìons  beginning  with  that  between 
2  and  3  ;  an  isolated  transverse  mark  on  the  dorsum  of  2  at  two-thirds' 
length  ;  a  spot  at  the  fìfth  sixth  of  3  and  4,  not  reaching  back  to  the 
hind  end  of  the  segment,  but  in  some  prolonged  more  or  less  forward 
as  a  fine  mid-dorsal  line  ;  a  rounded  spot  on  the  hind  fìfth  of  5  and  6, 
in  some  prolonged  forward,  in  others  as  a  narrow  mid-dorsal  stripe 
almost  to  the  base  of  each  ;  nearly  ali  of  the  dorsum  of  7-10. 

Hind  margin  of  io  narrowly  cleft  mid-dorsally  about  one-third  way 
toward  the  anterior  end.  Appendages  shorter  than  io,  conical,  black. 
A  ventral  apical  spine  on  abdominal  segment  8.  Geni  tal  valves  yel- 
low, reaching  caudad  almost  to  the  level  of  the  hind  end  of  1 1  (anal 
tubercle),  their  *'palps'*  dark,  reaching  beyond  the  level  of  the  tips- 
of  the  abdominal  appendages. 

Legs  as  above  descrìbed  for  the  younger  males.  Pterostigma  ochre- 
brown,  oblique. 

With  age  the  browns  of  the  body  generally  become  darker  and  dui- 
ler,  vertex  obscure  blackish,  but  no  black  mid-dorsal  thoracic  band 
forms  as  in  the  male. 

d*?.  Pterostigma  in  tte  majority  of  both  sexes  with  the  costai  edge 
longest,  but  with  a  tendency  (more  marked  in  the  hind  wings  and  in 
the  examples  from  Sapucay)  to  have  the  costai  edge  occasionally 
equal  to,  or  even  shorter  than,  the  proximal  or  distai  edges.  Vein  A 
(=a«  inferior  sector  of  the  triangle  of  de  Selys)  separating  from  the 
hind  margin  of  the  wings  at,  or  slightly  distai  to,  the  cubito-anal  cross- 
vein  (=  basai  postcostal  of  de  Selys).  M,  (=  nodal  sector  of  de 
Selys)  arising  nearest  the  fourth  postnodal  (occasionally  the  fìfth)  on 
the  hind  wings.  Postnodals,  io  e?,  5  9,  Chapada,  front  wings,  e? 
lo-ii  (11),  ?  9-11  (11)  ;  hind  wings,  e??  8-10  (9).  Postnodals, 
7  cT,  2  9,  Sapucay,  front  wings,  e?  11-12  (12),  9  11-13  (13); 
hind  wings  e?  9-10  (io),  9  lo-ii  (io).  Parentheses  enclose  the 
numbers  of  greatest  frequency. 
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Dimensions  in  millimeters  :  Abdomen  e?  26.5-28  (Chapada),  26.5- 
29.5  (Sapucay);  9  27  (Chapada),  26-27  (Sapucay).  Hind  wing 
<?  17-19  (Chapada),  18-19.5  (Sapucay);  9  18-19.5  (Chapada), 
19  (Sapucay).  Width  of  tip  of  bifid  dorsal  process  of  abdominal 
segment  io  of  e?,  rear  view,  .66;  maximum  width  of  segment  io  of 
cJ*,  rear  view,  .84. 

Habitat: — Brazil,  Sete  Lagoas,  Minas  Geraes,  May  3  and  4, 
1908,  by  J.  D.  Haseman,  2  e?.     Carnegie  Museum,  Pittsburgh. 

Chapada,  by  H.  H.  Smith,  8  e?  and  parts  of  20  others,  i  9  and 
parts  of  4  others;  collector's  numbers  11,  16,  115,  189,  197.  Car- 
negie Museum,  Pittsburgh. 

Paraguay,  Sapucay,  by  W.  T.  Poster,  November,  1899,  to 
Pebruary,  1900,  6  J*,  2  9,  January  17,  1903,  i  e?  numbered  59 
(other  males  numbered "59  are  Oxyagrion  impunctatum  u,  sp.).  U. 
S.  National  Museum. 

94.  Oxyagrion  Impunctatum,  sp.  nov. 

(PlATE  III,  FIGS.  56,  57.) 

c^.  Vertex  obscure,  brownish,  with  traces  of  a  pale  spot  on  each  side 
somewhat  anterior  to  the  area  occupied  by  the  postocular  spot  in  allied 
genera  ;  face  Carmine  red  ;  labium  and  rear  of  head  yellow. 

Prothorax  brownish-yellow,  its  grooves  and  sutures  occupied  by 
black  lines,  its  hind  margin  low,  convex.  Dorsum  of  meso-metathorax 
reddish  brown  or  olive  ;  sides  and  pectus  paler,  greenish-yellow  ;  a 
short  black  mark  at  the  upper  ends  of  the  humeral  and  lateral  sutures. 

Abdominal  segments  i  and  2  yellowish,  brown  or  red  above  ;  a  pair 
of  small  mid- dorsal  blackish  spots  on  i,  a  transverse  dorsal  blackish 
mark  at  three-fourths*  length  of  2  ;  3-10  red,  more  obscure  on  7-10  ; 
a  transverse  black  line  on  the  intersegmental  articulations  of  3-6  in 
some. 

Segment  io  and  the  appendages  very  similar  to  those  of  O,  basale ^ 
/.  e.,  hind  dorsal  margin  of  io  broadly  excised  in  a  concave  curve, 
margins  of  the  excision  elevated  and  produced  at  the  hind  end  on  each 
side  into  an  acute  process,  which  is  directed  more  nearly  upward 
(dorsad)  and  not  so  much  caudad  and  dorsad  as  is  the  case  in  O.  basale; 
in  rear  view  also  this  dorsal  process  is  very  similar  to  that  of  O.  basale^ 
but  its  lateral  margins  are  nearly  parallel,  instead  of  di  vergi  ng  as  in 
O.  basale. 

Superior  appendages  directed  downward  (ventrad)  aswell  as  caudad, 
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slightly  longer  and  slenderer  than  those  of  O.  basale  ;  apex  rounded 
in  profìle  view  ;  an  upper-inner  basai  proces  sterminating  in  a  black 
tip,  which  is  applied  against  the  tip  of  the  process  of  the  appendage  of 
the  opposite  side  of  the  body. 

Inferior  appendages,  in  profìle  view,  reaching  caudad  to  very  little 
more  than  half  the  level  the  superiors,  tapering  rapidly  in  the  basai 
half  of  each,  distai  half  very  slender,  curved  upward  and  inward,  a 
little  more  strongly  than  in  O.  basale, 

Legs  yellowish,  with  an  anterior  dark  stripe  on  femora  and  tibiae, 
narrower  and  interrupted  on  the  latter;  third  tibia  with  7-8  black 
spines  in  the  outer  (anterior)  row. 

Wings  clear,  veins  brown  ;  stigma  red,  oblique,  varying  in  its  pro- 
portions  in  that  the  costai  edge  is  longer  than,  equal  to,  or  shorter 
than  the  proximal  or  distai  edges  in  different  individuai.  Vein  A  (=s 
inferior  sector  of  the  triangle  of  de  Selys)  separating  from  the  hind 
margin  of  the  wings  distai  to,  or  less  frequently  at,  the  cubito-anal 
cross-vein  (=  basai  postcostal  of  de  Selys).  M,  (=»  nodal  sector  of 
de  Selys)  arising  on  the  hind  wings  nearest  the  fìfth  postnodal,  or 
more  distad.  Postnodals,  9  e?,  Chapada:  front  wings  10-12  (12), 
hind  wings  9-1 1  (io);  5  (J,  Sapucay  :  front  wings  12-15  (^*)>  ^^^^ 
wings,  10-13  (11).  Parentheses  enclose  the  numbers  of  greatest  fre- 
quency. 

Dimensions  in  millimeters  :  zbàovatn  27.5-28.5  (Chapada),  28-30 
(Sapucay);  hind  wing  17. 5-19.5  (Chapada),  19. 5-21  (Sapucay); 
width  of  tip  of  dorsal  process  of  abdominal  segment  io,  end  view,  .48  ; 
maximum  width  of  io,  end  view,  .76. 

?  unknown. 

Habitat: — Brazil,  Chapada,  by  H.  H.  Smith,  2  e?  andparts  of  7 
others,  some  dated  May,  some  numbered  93  and  185.  Carnegie  Mu- 
seum,  Pittsburgh. 

Saó  Paulo,  by  A.  Hempel,  September  7,  1900,  i  J* .  Academy  of 
Naturai  Sciences  of  Philadelphia. 

Paraguay,  Sapucay,  by  W.  T.  Poster,  January  16,  1903,  5  e?,  no.  59 
(one  other  e?  numbered  59  is  O.  basale).  United  States  National  Mu- 
seum. 

This  specieè  very  much  resembles  O.  basale,  with  which  it  was  united 
by  Mr.  Poster  under  the  same  coUection  number.  As  the  dates  of  col- 
lection  at  Sapucay  are  not  identical,  but  differ  by  one  day,  it  is  prob- 
able  that  the  two  species  do  not  occur  in  the  same  topographical 
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locality.  The  absence  of  black  dots  on  the  thoracic  dorsum,  which 
has  suggested  the  specifìc  name  impunctatum^  renders  this  species  easy 
to  distinguìsh  from  O.  basale. 

It  is  worthy  of  note  that  in  O,  impunciatum  as  in  O,  basale,  speci- 
mens  from  Sapucay  tend  to  larger  size  and  greater  number  of  post- 
nodals  than  in  those  from  Chapada. 

Genus  Telebasis. 

Group  of  71  cùrallina, 

(The  present  material  contains  a  number  of  forms  closely  related  to 

T.  corallina  (Selys).     It  seems  convenient  to  first  gì  ve  the  common 

characters  of  these  species,  and  then  to  limit  the  descrìption  of  each 

form  to  those  features  in  which  it  differs  from  its  allies.) 

Rear  of  the  head  pale,  abdomen  red,  each  mesepisternum  with  a  dark  metallic-green 
strìpe  contiguous  to  mid-dorsal  canna. 

1.  Superìor  appendages  of  the  male  longer  than  the  tenth  abdominal  segment, 
inferìor  appendages  distinctly  shorter  than  the  superìors,  dorsum  of  abdominal 
segments  i  and  2  at  least  not  distinctly  blackish  ;  upper  surface  of  the  head 
dark  metallic-green,  with  an  oblique  red  line  or  streak  between  each  lateral 
ocellus  and  the  antenna  of  the  same  side,  and  a  transverse  reddish  line  or  strìpe 
borderìng  the  postero-superìor  dorsal  margin  of  the  occiput. 

corallina  (Selys),  rarmesina  n.  sp.,  sanguinalis  n.  sp. 

2.  Superìor  appendages  of  the  male  as  long  as  the  tenth  abdominal  segment,  in- 
ferìor appendages  subequal  in  length  to  the  superìors,  dorsum  of  abdominal 
segment  i  and  of  the  anterìor  balf  of  2  blackish  or  blackish-brown  ;  upper 
surface  of  the  head  dark  metallic-green,  its  markings  as  indicated  below. 

eoccinala  n.  sp.,   carminila  n.  sp.,  coccinea  (Selys) 

95.  Telebasis  corallina  Selys. 

(PlATE  V,  FIG.  99.) 

Erylhragrion  corallinum  Selys,  Bull.  Acad.  Belg.  (2)  xlii,  p.  964.     1876. 
Telebasis  corallina  Kirby,  Cat.  Odon.,  p.  155.     1890. 

cT.  Transverse  reddish  occipital  strìpe  terminating  on  each  side  in 
a  larger  reddish  spot. 

Labrum  bluish-green  (*'  lèvres  jaunàtres  *'  Selys). 

Prothorax  entirely  reddish. 

Mid-dorsal  thoracic  carina  reddish,  the  dark  metallic-green  strìpe  on 
each  side  of  the  carina  one-third  as  wide  as  the  mesepisternum  on 
which  it  lies,  remainder  of  mesepistema  and  mesepimera  reddish, 
metapleura  greenish-yellow. 

Superìor  appendages,  in  profìle  view,  with  the  upper  margin  strongly 
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convex  and  semicircular,  apex  with  no  acute  recurved  tooth,  each 
appendage  constricted  in  its  basai  third  on  the  lower  side,  which  is 
then  abruptly  dilated  beyond,  showing  no  tooth  in  profile  view  ;  but  in 
a  supero-internal  view  an  acute  not  recurved  tooth  (Sel^  says  *'  dent 
arrondie  ")  is  visible  at  mid-length  of  the  inner-lower  margin. 

Front  wings  with  9  postnodals  (9-1 1  Selys),  hind  wings  with  8-9. 

? .  Unknown  to  me.  Selys  descnbes  no  prothoracic  processes,  no 
dorsal  dark  markings  on  abdominal  segments  i  and  2,  and  states  of  the 
<«valvules  vulvaires  .  .  .  depassant  un  peu  Tabdomen."  (Cf.  T. 
sanguina/ts,  postea.  ) 

Abdomen  cJ*  25.5  (23-26,  9  23-25,  Selys)  ;  hind  wing  cT  16  (15- 
^7»  ?  i5'5-'S  Selys)  mm. 

Habitat  :  —  Brazil,  Bahia,  i  cf  ex  coli.  Winthem.  Museum  of 
Comparative  Zoòlogy,  Cambridge,  Maas. 

Selys'  material  was  from  S.  Joas  del  Rey,  Santa  Cruz,  and  the 
Province  of  Rio. 

96.  Telebasis  carmesina  sp.  nov. 

(PlATK  V,  FIGS.  100,  lOOa.) 

c?.  Transverse  reddish  occipital  stripe  not  enlarged  into  a  spot  on 
each  side.     Labrum  bluish-green. 

Middle  of  the  front  lobe,  posterior  part  of  the  middle  lobe  and  the 
entìre  hind  lobe  of  the  prothorax  dark  green.  Mid-dorsal  thoracic 
carina  reddish,  the  dark  metallic-green  stripe  on  each  side  of  the 
carina  three-fìfths  to  three-fourths  as  wide  as  the  mesepistemum  on 
which  it  lies,  remainder  of  mesepisterna  and  mesepimera  reddish, 
metapleura  yellowish. 

Superior  appendages,  in  profìle  view,  with  the  upper  margin  strongly 
convex,  descending  more  abruptly  and  more  vertically  at  the  hind  end 
to  form  an  apical  margin,  which  by  its  junction  with  the  lower  margin 
forms  a  subacute  recurved  tooth  ;  difference  in  thickness  between  the 
proximal  third  and  the  remainder  of  the  appendage  less  than  in  7*. 
corallina^  but  with  a  moderately  acute  recurved  tooth  at  one-third 
length  on  the  lower  margin,  visible  in  profìle  as  well  as  in  supero- 
internal  view. 

Front  wings  with  ten  postnodals  (nine  on  one  wing),  hind  wing 
with  nine  (eight  in  one  wing). 

Abdomen  22,  hind  wing  14-15  mm. 

9  unknown. 
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Habitat:  —  Brazil,  Sete  Lagoas  in  Minas  Geraes,  May  4,  1908,  by 
J.  D.  Haseman,  i  e?.  Chapada,  by  H.  H.  Smith,  i  e?  numbered 
144.     Carnegie  Museum,  Pittsburgh. 

A  male  fróm  Saó  Paulo,  Brazil,  by  A.  Hempel  (  Academy  of  Naturai 
Sciences  of  Philadelphia) ,  taken  September  14,  1900,  has  theoccipital 
stripe,  the  prothorax  and  the  dark  metallic-green  mesepisternal  stripes 
as  in  T,  corallina^  the  labrum  yellow,  the  superior  appendages  as  in 
T,  carmesina,  io  postnodals  on  the  front  wing,  8  on  the  hind,  ab- 
domen  22.5  mm.,  hind  wing  16  mra. 

97.  Telebasis  sanguinalls  sp.  nov. 

(Piate  V,  fig.  101.) 

cf .  Transverse  reddish  occipital  stripe  enlarged,  or  not  enlarged, 
on  each  side  into  a  reddish  spot.     Labrum  bluish-green. 

Prothorax  with  a  metallic-green  spot  on  the  middle  of  the  front 
lobe,  middle  lobe  with  a  mesially  convex  metallic-green  stripe  on  each 
side  of  its  dorsum,  or  the  dorsum  dark  metallic-green  with  a  reddish 
spot  on  each  side  ;  hind  lobe  dark  metallic-green  with  yellow  margins. 
Mid-dorsal  thoracic  carina  reddish,  the  dark  metallic-green  stripe 
on  each  side  of  the  carina  one-third  to  two-fìfths  as  wide  as  the 
mesepisternum  on  which  it  lies  ;  remainder  of  mesepistema  and  mese- 
pimera  reddish  ;  metapleura  pale  bluish  or  yellowish. 

Superior  appendages,  in  profìle  view,  with  the  upper  margin 
moderately  convex,  its  proximal  half  almost  straight,  its  distai  half 
not  descending  abruptly,  no  constriction  or  teeth  on  the  almost  straight 
lower  margin  visible  in  the  ordinary  resti  ng  position,  but  on  raising 
the  superiors  the  extreme  base  of  the  lower  margin  is  seen  to  be 
abruptly  constricted,  an  acute  infero-intemal  forwardly-directed  tooth 
marking  the  beginning  of  the  enlargement,  apex  rounded. 

?.  Transverse  reddish  occipital  stripe  enlarged  on  each  side  into  a 
spot  which  is  quite  large  in  some.     Labrum  yellowish. 

Prothorax  pale  reddish-brown  or  reddish-yellow,  hind  lobe  with 
two  slender  thin  processes  directed  forward  and  applied  for  their  whole 
length  against  the  dorsal  surface  of  the  middle  lobe  reaching  to  one- 
half  of  its  length. 

Thoracic  dorsum  and  abdomen  less  red,  more  yellow  ;  a  mid-dorsal 
blackish  spot  on  abdominal  segment  i  ;  a  fine  blackish  or  brown  mid- 
dorsal  line  on  2  connecting  a  mid-basal  spot  with  a  transverse  brown - 
ish  streak  at  three-fourths'  length.     Hind  margin  of  io  cleft  mid- 
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dorsally  to  more  than  half-way  toward  base.  Appendages  as  long  as 
IO.  No  vulvar  spine  on  8.  Genital  valves  hardly  reaching  the  level 
of  the  hind  end  of  ii. 

e??.  Front  wings  with  8-10  postnodals  (9  most  frequent);  hind 
wings  with  7-8  (8  most  frequent). 

Abdomen  e?  21-23,  9  23-24;  hind  wing  cf  14-15»  ?  ^SS-^^-S 
mm. 

Habitat:  —  Brazil,  Chapada,  by  H.  H.  Smith,  9  e?  and  parts  of 
14  others,  4  $  ;  some  numbered  io,  44,  82  or  144  by  the  collector. 
Camegie  Museum,  Pittsburgh. 

One  male  has  the  dark  metallic -green  of  the  upper  surface  of  the 
head  extending  well  down  on  the  rear,  thereby  reducing  the  area  of 
yellow. 

98.  Telebasis  coccinata  sp.  nov. 

(PlATE  V,  FIGS.  103,  IO3J.) 

cJ*.  No  transverse  reddish  occipital  stripe,  red  line  between  each 
lateral  ocellus  and  the  antenna  of  the  same  side  very  fine  or  wanting. 
Labrum  bluish-green. 

Prothorax  dark  metallic-green,  middle  lobe  pale  blue  inferiorly, 
extreme  hind  margin  of  hind  lobe  reddish. 

Mid-dorsal  thoracic  carina  black  (or  reddish  in  two  specimens), 
the  dark  metallic-green  stripe  on  each  side  of  the  carina  two-thirds  to 
four-fifths  as  wide  as  the  mesepistemum  on  which  it  lies  ;  remainder 
of  mesepistema  and  adjacent  part  of  mesepimera  reddish,  but  most  of 
mesepimera  and  metapleura  pale  blue. 

Abdominal  segment  i  blue  on  the  sides. 

Superior  appendages,  in  profìle  view,  with  the  upper  margin  gently 
curved  downward  in  the  distai  three-fourths  to  meet  the  almost  straight 
lower  margin  in  a  subacute  apex. 

Front  wings  with  9-1 1  postnodals,  hind  wings  with  8-9  (8  most 
frequent). 

Abdomen  20.5-21.5,  hind  wing  13-14. 5  mm. 

?  unknown. 

Habitat  :  —  Brazil,  Chapada,  by  H.  H.  Smith,  2  e?  and  parts  of 
2  others,  some  dated  May.     Camegie  Museum,  Pittsburgh. 

Minas  Geraes,  i  cf.  Museum  of  Comparative  Zoology,  Cambridge, 
Mass. 
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99.  Telebasis  carminitay  sp.  nov. 
(Piate  V,  fig.  102.) 

cJ*.  Transverse  reddish  occipital  line  present,  slender.  Labrum 
bluish-green. 

Prothorax  as  in  7.  coccinata. 

Mid-dorsal  thoracic  carina  reddish,  the  dark  metallic-green  stripe 
on  each  side  of  the  carina  covering  from  three-fourths  to  nearly  ali  of 
the  mesepistemum  on  which  it  lies,  leaving  only  a  reddish  line  border- 
ing  the  lower  three-fourths  of  the  humeral  suture,  mesepimera  reddish, 
metapleura  bluish. 

Superiorappendages,  in  profìle  view,  triangular,  upper  margin  slightly 
convex,  almost  straight,  apical  margin  slanting  ventrad  and  cephalad, 
formi  ng  a  recurved  tooth  where  it  meets  the  concave  lower  margin, 
appendage  much  narrower  at  base  than  at  one-third  length. 

Front  wings  with  8  or  io  postnodals,  hind  wings  with  7. 

Abdomen  18-18. 5,  hind  wing  11. 5  mm. 

$  unknown. 

Habitat:  —  Brazil,  Cuyabà,  i  e?;  Cachoeiro  Cuyabà,  flooded 
campo,  January  26,  i  e?,  no.  9.  Both  by  H.  H.  Smith.  Carnegie 
Museum,  Pittsburgh. 

100.  Telebasis  coccinea. 

Erytkragrion  coccineum  Selys,  Bull.  Acad.  Belg.  (2)  xlii,  p.  965.     1876. 
TeUbasts  coccinea  Kirby,  Cat.  Odon.  p.  155.     1890. 

Not  known  to  me  ;  the  following  is  drawn  from  de  Selys*  description. 

c^.  No  transverse  reddish  occipital  stripe. 

Labrum  orange-red. 

Prothorax  bronze-black  except  a  large  orange  spot  on  the  sides. 

Mid-dorsal  thoracic  carina  black,  the  bronze-black  stripe  on  each 
side  of  the  carina  covering  ali  of  the  mesepistemum  on  which  it  lies, 
except  for  an  orange  ray  on  the  humeral  suture. 

Superior  appendages,  in  profile  view,  compared  with  those  of  71 
corallina  "appear  narrower  at  the  base  and  their  inferior  dilatation 
much  less  wide.  '  ' 

$ .  Occipital  stripe  and  labrum  as  in  the  c^. 

Prothorax  brown. 

Mid-dorsal  thoracic  carina  black,  the  mesepistemal  black  stripe  not 
covering  ali  of  that  sclerite. 
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Abdominal  dorsum  obscure  olive-brown,  narrower  on  g,  absent  on 
io;  articulatioQs,  ventral  surface,  ali  of  io,  and  the  appendages 
reddish. 

Abdomen  cJ  20-21,  9  23.5  ;  hind  wing  e?  13.5-14»  9  i^  ro™- 

Brazil,  Minas  Geraes. 

Tigriagrion"  genus  novum.     (Legion  Agrion  Selys.) 

Arculus  aty  or  very  near  to,  the  second  antenodal  ;  M,  (=  nodal 
sector,  Selys)  on  the  hind  wings  arising  nearest  the  fourth  postnodal  ; 
costai  edge  of  the  stigma  of  the  hind  wings  shorter  than  the  proximal 
or  distai  edges;  Cu^  and  Cu,  (=»  upper  and  lower  sectors  of  the  tri- 
angle)  not  reaching  as  far  distad  as  the  levels  of  origin  of  M^^  and  M, 
(=  ultranodal  and  nodal  sectors)  ;  A  (=  lower  or  inferior  sector  of 
the  trìangle)  separating  from  the  hind  margin  proximal  to,  or  less 
frequently  at,  the  cubito-anal  cross-vein  (=  basai  postcostal),  which  is 
situated  nearer  to  the  level  of  the  first  than  to  that  of  the  second  ante- 
nodal  ;  venation  of  the  tips  of  front  and  hind  wings  similar,  abdomen 
chiefly  red,  tenth  segment  of  the  male  not  elevated  dorsally,  vulvar 
spine  ? 

Type  :    Tigriagrion  aurantinigrum^  sp.  nov. 

loi.  Tigriagrion  aurantìnigruiiiy  sp.  nov. 

(  PlATK  V,  FIGS.  104,  105  ;   PlATE  Vili,  FIO.  I43.  ) 

cf .  Head  and  thorax  orange-red,  with  the  foUowing  black  markings  : 
a  line  on  the  fronto-nasal  suture  ;  a  transverse  frontal  line  ;  a  narrow 
ring  almost  encircling  each  ocellus  ;  a  fine  ring  surrounding  the  three 
ocelli,  giving  off  on  each  side  a  stripe  toward,  but  not  to,  the  antenna, 
and  confluent  with  a  transverse  stripe  behind  the  lateral  ocelli,  which 
stripe  is  prolonged  at  each  end  obliquely  forward  to  the  eye  of  the 
same  side  ;  a  curved  stripe  on  each  side  (confluent  or  not  confluent 
with  the  transverse  stripe)  almost  surrounding,  except  on  the  inner 
(mesial)  side,  an  orange  area  corresponding  to  the  pale  postocular  spot 
of  allied  genera,  this  area  dotted  with  black  ;  most  of  the  middle  pro- 
thoracic  lobe  (leaving  a  pair  of  short  median  lines  and  a  larger  spot 
on  each  side  orange)  ;  a  stripe  on  each  side  of  the  mid-dorsal  carina 
(which  remains  orange)  two-fifths  as  wide  at  mid-height  as  the  mesepi- 

'*  From  Tiypi^  and  Agrìon,  in  allusion  to  the  black  and  orange  markings  of  tbe 
head  and  thorax  of  the  type  spedes.  The  nearest  ally  of  Tigriagrion  is  perhaps 
Telebasis  (Selys)  Kirby  (=  Erytkragrim  Selys). 
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sternum  on  which  it  lìes  ;  a  much  narrower  antehumeral  stripe  reaching 
downward  from  the  upper  end  of  the  humeral  suture  half  to  three-fifths 
of  the  way  to  the  lower  end  of  the  sclerite,  or  absent,  except  at  the 
upper  end  of  the  humeral  suture  ;  a  mesepimeral  stripe  half  as  wide  as 
its  sclerite,  usually  confluent  above  with  the  antehumeral,  not  touching 
the  humeral  suture  in  most  of  its  length,  and  continued  across  the 
mesinfraepistemum,  on  which  it  is  narrower  ;  a  short  mark  at  the  upper 
ends  of  the  obsolete  first  and  of  the  second  lateral  thoracic  sutures, 
and  smaller  isolated  marks  or  dots  below  these  in  some  specimens. 

Dorsum  of  abdominal  segments  i-io  black,  the  black  widening  on 
the  sides  at  the  apices  of  3-5  ;  the  intersegmental  articulation  of  i  and 
2,  a  narrow  transverse  basai  ring  on  3-7,  and  an  indistinct  mid-dorsal 
spot  on  9,  yellow  ;  sides  inferiorly  and  ventral  surfaces  of  the  abdomi- 
nal segments  orange.  Hind  margin  of  segment  io  with  a  small  semi- 
circular  mid-dorsal  excision,  but  not  at  ali  elevated. 

Superior  appendages  shorter  than  io,  blackish,  in  dorsal  view  rather 
distant,  moderately  divergent  (in  specimens  in  which  no  attempt  to 
arrange  them  for  easy  inspection  has  been  made),  narrower  at  the  obtuse 
apex  than  at  the  base  ;  in  profìle  view  directed  caudad,  but  only  slightly 
ventrad,  straight,  each  one  about  twice  as  long  as  thick  at  the  middle, 
apex  obtuse. 

Inferìor  appendages  in  profìle  view  twice  as  thick  at  base  as  are 
the  superiors,  apical  half  much  slenderer,  directed  upwards,  slightly 
recurved  and  hooked  at  the  extreme  apex,  which  reaches  to  the  level  of 
threc-fifths  of  the  length  of  the  superiors  ;  in  ventral  view  pale  brown- 
ish-yellow,  the  slender  apical  half  forming  a  process  on  the  outer  edge 
and  curved  somewhat  toward  its  fello  w  of  the  opposi  te  side. 

Legs  orange,  ali  the  femora  and  tibise  anteriorly  and  much  of  each 
tarsus  black,  6-7  spines  in  the  anterior  row  of  the  third  tibia. 

9.  Differs  from  the  description  of  the  male  as  follows  :  black  ante- 
humeral stripe  faint,  except  the  spot  on  the  upper  end  of  the  humeral 
suture  from  which  it  starts,  mesinfraepistemal  continuation  of  the  mese- 
pimeral stripe  hardly  narrower.  (Abdominal  segments  7-10  lost.) 
Hind  margin  of  the  prothorax  in  both  sexes  low,  convex,  entire. 

c^9.  Wings  clear,  stigma  brownish-yellow,  surmounting  less  than 
one  celi,  distai  edge  distinctly  convex  and  forming  a  much  less  acute 
angle  with  the  costa  than  does  the  proximal  side,  stigma  of  the  hind 
wing  larger  than  that  of  the  front,  its  costai  edge  shorter  than  the  prox- 
imal or  distai  edge  ;  on  the  front  wings  the  costai  edge  varies  from 
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longer  to  shorter  than  the  proximal  or  distai  edge,  no  one  proportion 
existing  in  a  majority  of  the  specimens.  Anal  vein  separating  from 
the  hind  margin  of  thè  wings  proximal  to  the  cubito-anal  cross-vein  in 
the  greater  majority  of  cases,  but  at  a  varying  distance.  Postnodals 
on  the  front  wings  8-9  (8  more  often),  on  the  hind  wings  6-8  (7 
more  often)  ;  M,  on  the  hind  wings  arìsing  nearest  the  fourth  postnodal 
(90  per  cent.). 
Abdomen  e?  18.5-20.5,  ?  ?;  hind  wing  J^  12-13,  ?  ^3-5  ^^' 
Habitat  : — Brazil,  Chapada,  by  H.  H.  Smith,  4  e?  and  parts  of 
5  e?,  I  ? ,  numbered  43  by  the  coUector,  one  male  dated  May.  Car- 
negie  Museum,  Pittsburgh. 

Genus  Metaleptobasis. 

Cdvert,  Biol.  Centr.-Amcr.  Ncurop.,  p.  386.     1907. 

Additional  material  indicates  that  the  character  drawn  from  the 
anal  vein  (=  inferior  sector  of  the  triangle  of  de  Selys)  as  orìginally 
given  for  this  genus  is  variable.  The  other  diagnostic  features  hold 
true,  viz.  :  M,  (=  nodal  sector  of  de  Selys)  arising  nearest  the  fifth  or 
sixth  postnodal  on  the  hind  wings,  the  sixth  or  more  remote  on  the 
front  wings,  tarsal  claws  toothless,  superior  appendages  of  the  male 
not  bent  down  almost  at  a  right  angle  in  their  apical  half,  genital 
valves  of  the  females  not  reaching  far  beyond  the  levcl  of  the  tips  of 
the  abdominal  appendages. 

102.  Metaleptobasis  dlceras. 

(PLATE  VI,  FIGS.   106,   107,  114.) 

Leptobaiis  diceras  Selys,  Bull.  Acad.  Belg.  (2)  xlìii,  p.  102.     1877. 

cJ*.  The  male  described  by  de  Selys  (from  Para)  lacked  the  last 
four  abdominal  segments.  The  following  notes  are  added  from  a  male 
of  what  seems  to  be  the  same  species  : 

Abdominal  segment  7  similar  to  6,  /.  ^.,  pale  brown,  darker  at  the 
hind  end,  perhaps  with  metallic-blue  reflection  in  an  older  stage; 
8-10  pale  (blue?),  the  three  together  (3  mm.)  only  three-fifths  as 
long  as  7.  Hind  dorsal  margin  of  io  entire,  very  slightly  elevated  in 
the  middle. 

Superior  appendages  slightly  shorter  than  io,  in  dorsal  view  curved 
regularly  toward  each  other,  each  decreasing  slightly  in  width  from 
base  to  the  obtusely  truncated  apex  ;  in  profile  view,  each  appendage 
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is  nearly  horìzontal,  slightly  contraeteci  at  mid-length,  graduali/ 
thickened  to  the  apex,  which  is  a  little  thicker  than  the  base  and 
truncated  from  above  downward  (ventrad)  and  backward  (caudad), 
but  not  so  obliquely  as  to  produce  an  acute  apex. 

Inferior  appendages  in  profìle  view  conical,  directed  slightly  upward 
and  reaching  to  mid-length  of  the  superiors  ;  in  ventral  view  each 
appendage,  otherwise  pale  yellow,  has  an  inner  acute  apical  straight 
black  edge. 

Postnodals  on  the  front  wings  12,  on  the  hind  11  ;  M,  (»  nodal 
sector)  arìsìng  nearest  the  sixth  postnodal  on  both  front  and  hind. 

Abdomen  38.5,  hind  wing  22  mm. 

Habitat  :  —  Brazil,  Bahia,  i  e?.  Museum  of  Comparative  Zoology, 
Cambridge,  Mass. 

See  also  the  remarks  under  M.  òicomts, 

103.   Metaleptobasis  bicomis? 

(Piate  VI,  figs.  108,  109.) 
Leptobaiis  bicomis  Selys,  Bull.  Acad.  Belg.  (2)  xliii,  p.  103.     1877. 

This  species  was  described  from  a  single  female.  A  male  which  I 
provisionally  refer  here  lacks  the  last  four  abdominal  segments  and 
differs  from  the  description  of  the  female  as  follows  : 

Hind  margin  of  prothorax  low,  very  feebly  trilobcd,  lobes  subcqual. 
Each  mesepisternum  bears  a  slender  straight  horn  directed  laterad  and 
hardly  at  ali  cephalad  or  dorsad,  thus  differing  from  the  similar  proc- 
esses  of  M,  diceras  and  of  M,  bovilla  "  from  Nicaragua,  as  in  M,  diceras 
each  horn  is  directed  laterad,  dorsad,  and  cephalad,  the  last  more 
especially  in  its  distai  half,  and  in  M.  bovilla  each  process  is  "  directed 
forward  [cephalad]  and  upward  [dorsad]  .  .  .  subparallel  with  its 
fellow  of  the  other  side  for  half  its  length,  then  diverging  therefrom 
and  curved  outward  (laterad)." 

Mid-dorsal  thoracic  band  of  the  same  width  (.32  mm.)  as  in  M. 
diceras^  above  described,  but  metallic-green  instead of  metallic-blue. 

Quadrilateral  on  the  front  wings  with  the  anterior  side  two-fifths  as 
long  as  the  posterior,  (not  two-thirds  as  de  Selys  says,  but  a  comparison 
of  his  statement  for  the  same  parts  on  the  hind  wing  suggests  that  this 
may  bc  an  error),  11  postnodals  on  ali  the  wings,  M,  arìsing  nearest 
the  sixth  on  the  front  wings,  the  fìfth  on  the  hind. 

•'CaWcrt,  Biol.  CenUr.-Amer.  Neuropt.,  p.  386,  pi.  vii,  figs.  21-23.     1907. 
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Abdominal  segments  i-6,  29  mm.,  hind  wing  21.5  mm. 
Habitat:  —  Brazil,  Chapada,  by  H.  H.  Smith,   i    imperfect  cT 
numbered  190  by  the  collector.     Carnegie  Museum,  Pittsburgh. 

104.  Metaleptobasls  comlcattda  sp.  nov. 

(Plate  vi,  figs.  ho,  ih.) 

c?.  Dark  metallic-blue  or  green,  the  foUowing  pale  yellow  :  rhinar- 
ium,  gen»  below  the  level  of  the  frons,  a  narrow  stripe  on  the  site  of 
the  obsolete  first  lateral  thoracic  suture  not  reaching  to  the  wing  bases^ 
a  shorter  similar  stripe  bordering  the  lower  half  of  the  posterior  margin 
of  the  metepistemum,  these  two  stripes  confluent  below  with  the 
yellow  of  the  pectus,  a  dot  near  the  upper  end  of  the  sclerite,  nearly 
ali  the  metepimeron  (except  for  a  blackish  mark  in  the  middle  of  its 
lower  half),  pectus  (except  for  a  mid-ventral  longitudinal  black  stripe 
and  a  black  metastemal  stripe  bordering  the  latero-ventral  metathoracic 
carina),  much  of  the  ventral  surfaces  of  abdominal  segments  1-7 
(except  the  hind  end  of  each)  confluent  with  a  narrow  transverse 
mid-dorsally  intemipted  basai  yellow  ring  on  at  least  4-6,  coxa& 
posteriorly  and  mesially,  tibise  superìorly. 

Hind  prothoracic  margin  low,  convex,  entire,  no  prò-  or  meso- 
thoracic  homs. 

Tenth  abdominal  segment  twice  as  long  dorsally  as  ventrally,  its 
dorsal  length  half  that  of  9,  middle  of  the  hind  dorsal  margin  pro- 
duced  dorsad  and  caudad  to  form  a  trìangular  process,  best  seen  in  rear 
view,  and  then  having  a  rounded  tip,  but  viewed  dorsally  the  tip  i& 
bifìd. 

Superior  appendages  stout,  in  dorsal  view  a  little  longcr  than  10^ 
subparallel,  and  each  of  subuniform  width  in  the  proximal  two-thirds,. 
widened  in  the  distai  third,  especially  on  the  inner  (mesial)  side, 
curved  toward  each  other,  apex  truncated  obliquely  from  withia 
caudad  and  latetad.  Each  appendage  is  for  its  entire  length  concave 
within  and  convex  without,  and  in  profìle  view  its  outline  is  capitate,, 
the  "  head  "  occupying  about  the  distai  half. 

Inferior  appendages  in  profìle  view  conical,  directed  straight  caudad, 
apices  acute,  and  reaching  to  the  level  of  one-third  of  the  length  of 
the  superiors  ;   in  ventral  view  the  acute  apices  are  curved  slightly 
toward  each  other. 

Third  tibia  with  6  spines  in  the  anterior  (outer)  row. 

Wingsclear,  stigma  brown,  margined  with  a  pale  line  inside  the  bound- 
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ìng  veins,  surmounting  one  cell^  proximal  edge  more  oblique  than  the 
distai,  posterior  edge  the  longest,  costai  edge  next  in  length.  Anterior 
side  of  the  quadrilateral  two-fifths  (front  wings)  or  three-fìfths  (hind 
wings)  as  long  as  the  posterior  side.  Front  wings  with  i6  postnodals, 
M,  arisìng  nearest  the  seventhj  hind  wing  with  14  postnodals,  M, 
arising  nearest  the  sixth.  Anal  vein  separating  from  the  hind  margin 
distai  to  the  cubito-anal  cross-vein  bya  distance  less  than  the  length  of 
that  cross-vein,  which  is  situated  nearer  the  second  than  the  first  ante- 
nodal. 

The  single  individuai  at  hand  is  pruinose  on  the  ventral  surface  and 
inferiorly  on  the  sides  of  the  thorax,  on  the  coxae,  and  on  abdominal 
segments  9  and  io. 

Abdomen  50  mm.,  hind  wing  27  mm. 

$  unknown. 

Habitat  :  —  Brazil,  Bahia,  i  e?.  Museum  of  Comparative  2k>dlogy, 
Cambridge,  Mass. 

M.  comic auda  is  allied  to  Leptobasis  macilenta  (Rambur)  Selys, 
which  probably  is  also  a  Metaleptobasis,  The  description  of  macilenta 
refers  to  a  much  smaller  insect  (abd.  35,  hind  wing  19.5  mm.)  with 
fewer  (12-13)  postnodals,  border  of  segment  io  deeply  excised  in 
the  shape  of  a  broad  V,  and  superior  appendages  thicker  at  the  base 
than  elsewhere  ;  its  habitat  is  no  more  definite  than  **  Brésil." 

105.   Leptobasis  vacillans  Selys. 

Leptobasis  vacillans  Selys,  Bull.  Acad.  Belg.   (2)   zliii,  p.  idi.     1877.     Calvert, 
Biol.  Centr.-Amer.  Nearop.  pp.  120,  385,  pi.  ▼,  fìgs.  22-25.     1902,  1907. 

What  appears  to  be  this  species,  hitherto  not  recognized  in  South 
America,  is  represented  by  specimens  from  Paramaribo  having  darker 
colors  on  parts  of  the  body,  perhaps  as  the  accompaniment  of  greater 
maturity,  than  existed  in  material  previously  descrìbed. 

cJ^  9 .  Dorsum  of  the  abdomen  marked  with  bronze-green  as  follows  : 
hindmost  fifth  of  4  and  nearly  ali  of  5-7»  except  a  narrow  transverse 
basai  mid-dorsally  intemipted  yellow  ring  on  each,  and  the  hind  end 
of  7,  which  is  reddish.  One  male,  moreover,  has  most  of  the  nasus 
(leaving  its  free  margin  pale  blue  or  green),  the  frons  supcriorly  (but 
not  inferiorly)  and  the  vertex  superiorly  blackish,  the  last  with  some 
reddish  refiection  ;  and  on  each  side  a  moderately  sized  blue  postocular 
spot  widely  confluent  with  the  blue  of  the  rear  of  the  head  \  the  other 
male  and  one  female  have  the  head  entirely  reddish  superiorly.     The 
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•other  female  has  the  nasus  and  the  upper  surface  of  the  head  oh've,  with 
blue  postocular  spots  as  above  descrìbed,  and  the  dark  markings  on  the 
abdominal  segments  are  merely  dull  brown.  Neither  female  has  a 
vulvar  spine,  but  the  posterior  ventral  margin  of  8  is  convex.  Ab- 
•domen  cJ*  26.5-27.5,  ?  27;  hind  wing  e?  14.5-15,  ?  17  mm. 

Habitat:  —  DuTCH  Guiana,  Paramaribo,  by  Miss  Katherine Mayo, 
2  d^,  2  ? .     Academy  of  Naturai  Sciences  of  Philadelphia. 

Specimens  from  Ecuador  also  appear  referable  to  this  species,  but 
have  a  greater  extension  of  dark  colors  : 

c:J^9.  Dorsum  of  abdoininal  segments  4-7  dark  metallic-green, 
except  for  a  narrow  transverse  mid-dorsally  interrupted  basai  yellow 
ring  on  each  and,  in  some  at  least,  the  hind  end  of  7,  which  is  reddish. 
The  head  is  a  little  wider  (3.12-3.44)  than  in  typical  vacillans  from 
Cuba  and  Guatemala  (2.72-2.88  mm.),  the  examples  from  Para- 
maribo being  intermediate  in  this  respect  (3-3. 12  mm.).  One  of  the 
three  females  has  a  very  minute  vulvar  spine,  the  other  two  lack  this 
feature,  but  the  posterior  ventral  margin  of  8  is  strongly  convex  in  ali 
three. 

Abdomen  cf  28-2-9,  ?  27.5-28.5  ;  hind  wing  e?  15-16,  9  17  mm. 

Habitat  :  —  Ecuador,  Guayaquil,  5  cT,  2  ? ,  and  Quevedo,  5  cJ*, 
I  9 ,  ali  by  Prof.  F.  Campos  R.  Academy  of  Naturai  Sciences  of 
Philadelphia. 

If  it  be  desirable  to  distinguish  these  forms  of  vacillans  by  sub- 
specifìc  names  (and  of  this  I  am  not  yet  assured),  those  of  guiana 
and  ecuadorica  may  be  suggested. 

106.  Leptobasis  mammilaris  sp.  nov. 

(PlATE  VI,  FIGS.  112,  113,  II5-II7.) 

c?.  Dorsum  of  head  and  of  thorax  reddish-yellow,  the  following 
pale  green  or  blue  :  gense,  rear  of  head,  antehumeral  stripe  (one- 
fourth  to  one-fìfth  as  wide  as  its  mesepisternum),  and  a  stripe  on  the 
metepisternum  and  adjacent  part  of  the  mesepimeron  ;  labium,  met- 
epimera,  and  pectus  pale  yellow. 

Hind  margin  of  prothorax  trilobed,  median  lobe  widest  and  most 
prominent,  rounded,  but  not  greatly  produced. 

Mesostigmal  laminse  well,  but  not  excessively,  developed,  vertical. 
Behind  each  lamina  on  the  anterior  or  lower  end  of  each  mesepi- 
sternum is  a  distinct  rounded  tubercle,  situated  between  the  fork  of 
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the  anterior  end  of  the  mid-dorsal  carina  and  the  pale  green  ante- 
humeral  stripe.* 

Abdomen  brownish-yellow,  a  little  darker  dorsally,  especially  on 
segment  7  ;  hindmost  eighth  of  3-6  darker  brown,  a  fine  black  trans- 
verse  ring  on  the  intersegmental  articulations  of  3-6.  A  pale  green 
lateral  longitudinal  stripe  on  i  and  2  of  the  damaged  male  only. 
Hind  margin  of  io  neither  excised,  nor  elevated. 

Superior  appendages  half  as  long  as  io,  in  dorsal  view  appearing  as 
reddish  rounded  tubercles  ;  in  profile  view  the  upper  margin  is  straight, 
ascending,  apex  wider  thàn  base  and  prolonged  downward  (ventrad) 
in  a  long  acute  perpendicular  process. 

Inferior  appendages  reddish-yellow,  in  profile  view  straight,  slender, 
acute,  reaching  half  again  as  far  beyond  the  level  of  the  superiors, 
extreme  apex  black  ;  in  ventral  view  each  appendage  is  cur\'ed  some* 
what  toward  its  fellow  of  the  opposite  side. 

Legs  yellow,  spines  black,  6  in  the  anterior  (outer)  row  of  the  thìrd 
tibia,  tooth  òf  the  tarsal  nails  very  small. 

Wings  clear,  veins  brown,  stigma  pale  grayish-brown,  surmounting 
considerably  less  than  one  celi,  distai  edge  more  oblique  than  the 
proximal  and  convex,  costai  edge  longest.  Quadrilateral  of  the  front 
wings  with  the  anterior  side  subequal  to  the  proximal  and  less  than 
half  as  long  as  the  posterior  side  ;  of  the  hind  wings  with  the  anterior 
side  half  as  long  as  the  posterior.  Anal  vein  («=  inferior  sector  of  the 
triangle  of  de  Selys)  separating  from  the  hind  margin  distai  to  the 
cubito-anal  cross-vein  by  a  distance  equal  to  or  less  than  the  length  of 
the  cross-vein  itself,  this  cross-vein  placed  nearly  midway  between  the 
levels  of  the  two  antenodals.  Postnodals  on  the  front  wings  io,  on 
the  hind  9. 

$ .  An  individuai  from  Rio  de  Janeiro  may  belong  here,  and  differs 
from  the  preceding  description  of  the  male  as  follows  :  Hind  margin 
of  prothorax  not  trilobed  ;  but  produced  medially  and  biiobed  ;  meso- 
stigmal  laminse  nearly  horìzontal,  projecting  forward,  the  antero- 
external  angle  rounded  ;  no  mesepisternal  tubercles  ;  dorsum  of  ab- 
dominal  segments  3-7  dark  brown  (cxcept  for  a  mid-dorsally  inter- 
rupted  pale  basai  ring);  widened  down  on  the  sides  in  the  hindmost 
sixth  of  3-6  ;  2  with  a  mid-dorsal  brown  line  stopping  at  a  transverse 
brown  line  at  four-fìfths  of  the  length  of  the  segment  ;  abdominal  ap- 

*  This  tuberete  is  placed  not  qaite  as  far  laterad  as  the  mesepisternal  tuberete  of 
females  of  certain  species  of  ^^Vs.     (Cf.  Bio/,  Centr.-Amer,^  Neurop.^  p.  68.) 
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pendages  a  little  shorter  than  io,  straight,  simple,  apices  acute,  hind 
margin  of  io  moderately  elevated  mid-dorsally,  when  viewed  from  the 
rear  ;  8  postnodals  on  the  hind  wings. 

No  vulvar  spine,  although  the  posterior  ventral  margin  of  8  is 
strongly  convex.  Genital  valves  i.8  mm.  long  (excluding  "  palps  "), 
reaching  beyond  the  level  of  the  tips  of  the  abdominal  appendages. 

Dimensions  :  abdomen  e?  28.5,  ?  29;  hind  wing  e?  16,  ?  19.5 
mm. 

Habitat  :  —  Brazil,  Chapada,  i  e?  and  part  of  i  other;  Rio  de 
Janeiro,  i  9,  ali  by  H.  H.  Smith.     Camegie  Museum,  Pittsburgh. 

107.  Amphiagrìon  tltlcacSy  sp.  nov. 

(PlATE  VI,  FIGS.  1 18-120.) 

cJ*.  Head  and  thorax  brownish-yellow,  the  latter  reddish-brown  in 
older  stages,  the  following  black  :  antennae  beyond  the  third  joint, 
centrai  portion  only  of  the  upper  surface  of  the  head  (leaving  the  area 
between  the  three  ocelli  and  a  narrow  stripe  from  each  latenti  ocellus 
toward  the  antenna  of  the  same  side  yellow),  or  the  black  may  extend 
out  to  the  eyes  as  well  as  obliterate  the  yellow  ocellar-ocular  stripe,  a 
mark  on  each  side  of  the  middle  lobe  of  the  prothorax,  the  small  area 
between  the  mesostigmal  laminse,  a  line  on  the  upper  end  of  the  hu- 
meral  suture.  Lips,  underside  of  head  and  of  thorax,  a  more  greenish- 
yellow. 

Median  third  of  hind  margin  of  prothorax  produced  caudad  and 
dorsad,  and  truncated,  or  slightly  bilobed.  A  prominent,  rounded, 
hairy  metastemal  tubercle. 

Head,  thorax,  legs  (in  addition  to  the  usuai  biserial  black  spines), 
and  ventral  surface  of  the  first  three  abdominal  segments  with  many 
long  soft  hairs,  whitish  on  the  underside  of  the  head  and  on  parts  of 
the  legs,  brownish  elsewhere. 

Dorsum  of  abdominal  segments  1-6  coral-red,  of  7-10  blue,  the  fol- 
lowing black  :  a  fine  transverse  ring  at  most  of  the  intersegmental 
articulations,  a  transverse  stripe  (interrupted  or  absent  in  some)  at 
three-fourths  of  3  and  of  4,  a  wider  similar  curvcd  band  (or  very  small 
in  some)  on  the  same  part  of  5,  the  hindmost  third  or  fourth  of  6,  a 
longitudinal  lateral  stripe  on  the  posterior  two-thirds  or  half  of  7  and 
for  the  whole  length  of  8-10,  which  stripe  sends  up  a  slender  vertical 
branch  at  three-fourths'  length  of  7  and  at  nearly  mid-length  of  8  and 
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g,  while  on  io  it,  with  ìts  ascending  branches,  encloses  a  round,  blue 
spot  on  each  side  of  the  dorsum,  or  the  two  spots  are  confiuent.  3-6 
have  a  narrow  transverse  basai  yellow  ring  and  the  sides  inferiorly  of 
most  of  the  abdominal  segments  are  yellow,  more  obscure  nearer  the 
hind  end  of  the  abdomen. 

Hind  margin  of  io  with  a  small  mid-dorsal  excision,  not  elevated. 
Superior  appendages  subequal  in  length  to  io,  reddish,  hairy,  in  dorsal 
view  conical,  apex  subacute,  and,  owing  to  the  hairs,  having  the  appear- 
ance  of  being  slightly  incurved;  in  profile  view  each  is  somewhat 
mitten-shaped,  the  **  thumb  "  being  represented  by  an  inferior  process, 
directed  caudad,  at  about  three-fìfths  of  the  length. 

Inferior  appendages  in  profile  view  conical,  directed  somewhat 
upward  as  well  as  caudad,  not  quite  reaching  to  the  level  of  the  tips  of 
the  superiore,  yellow  ;  in  ventral  view  the  outer  side  is  prolonged  to 
form  the  chief  part  of  each  appendage,  and  is  curved  slightly  toward 
its  fellow  of  the  opposite  side,  with  a  small  blackish  hook  on  the  mesial 
side  at  apex. 

Legs  brownish  yellow,  7  spines  in  the  anterior  row  of  the  third  tibia, 
tooth  of  the  tarsal  nails  very  small. 

Wings  clear,  veins  brownish-yellow,  stigma  yellow,  moderately 
oblique,  surmounting  one  celi  or  less,  rather  distant  proportionally  (2 
mm.)  from  the  wing-tip,  costai  edge  longer  than  the  proximal  or 
distai  edge  on  the  hind  wing  and  often  also  on  the  front  wing.  Anal 
vein  separating  from  the  hind  margin  of  both  front  and  hind  wings  at 
least  as  far  proximal  to  the  cubito-anal  cross- vein  as  the  latter  is  long  ; 
8-10  (io  most  frequent)  postnodals  on  the  front  wings,  6-8  (8  most 
frequent)  on  the  hind.  M,  on  the  hind  wings  arising  nearest  the 
fòurth  or  third  postnodal. 

?.  Difiere  from  the  description  of  the  male  as  foUows:  Hind 
margin  of  prothorax  trilobed,  median  lobe  not  as  prominent  as  the 
corresponding  part  of  the  male;  doreum  of  abdominal  segment  io 
elevated  into  a  median  ridge;  appendages  reddish  or  yellowish,  as 
long  as  IO  ;  vulvar  spine  present,  genital  valves  pale,  reaching  caudad 
not  beyond  the  level  of  the  hind  end  of  io  ;  7-10  postnodals  on  the 
front  wings,  9  most  frequent  ;  6-8  on  the  hind  wing,  8  most  frequent. 

The  difierences  in  color  betwecn  the  two  sexes  are  confined  to  the 
abdomen,  but  the  females  show  difierences  among  themselves  by 
which,  as  in  other  genera,  they  may  be  grouped  as  similar  to,  or 
markedly  difierent  from,  the  males  in  abdominal  markings. 
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Homcsockromatic  females  have  the  abdomen  colored  similarly  to 
that  of  the  males,  difTering  as  follows  :  a  transverse  mid-dorsally  inter- 
rupted  black  stripe  similar  to  that  on  3  and  4  may  he  present  at  three- 
fourths'  length  of  2  ;  posterior  dorsal  fourth  to  two-fìfths  of  5  black, 
in  one  with  a  fine  mid-dorsal  prolongation  reaching  forward  to  one- 
fourth  length  of  the  segment  from  the  base  ;  posterior  dorsal  three- 
fìfths  to  four-fìfths  of  6  pointed  anteriorly  ;  the  lateral  longitudinal 
black  stripe  on  7  occupying  only  the  hindmost  third  or  fourth,  on  8 
only  the  posterior  three-fourths  to  three-fifths,  on  9  only  the  anterior 
three-fìfths  ;  or,  9  may  be  blue,  with  a  black  stripe  on  each  side  of  the 
dorsum  for  the  enti  re  length  of  the  segment,  this  black  stripe  wider 
than  in  the  male,  narrowing  posteriorly  and  with  no  verticaf  branch  ; 
or,  9  may  be  black  dorsally,  with  a  median  pale  line  ;  io  pale,  with  a 
transverse  basai  dorsal  black  stripe,  or  black  dorsally,  with  a  pale  mid- 
dorsal  line. 

Heterochromatic  females  have  the  abdomen  colored  qui  te  differently 
from  the  male,  as  follows  :  Dorsum  of  segments  1-6  reddish-yellow, 
the  following  markings  black  :  a  basai  dorsal  spot  on  e,  a  bastate  spot 
pointed  anteriorly  occupying  the  enti  re  length  or  nearly  so,  of  2-4, 
the  point  abbreviated  on  2  in  some  ;  the  posterior  four-fifths  to  five- 
sixths  of  5  and  three-fourths  to  four-fìfths  of  6  ;  or  6  may  have  but 
little  more  than  the  posterior  half  black,  including  a  forwardly  tapering 
acute  mid-dorsal  prolongation.  7  blue,  its  hindmost  half  to  third 
black,  sending  forward  three  slender  branches,  one  median  and  shorter^ 
the  other  two  lateral  and  longer  ;  or  the  median  branch  may  be  want- 
ing  and  the  laterals  very  short  ;  or  only  the  hindmost  fourth  of  7  may 
be  black,  with  no  forwardly-directed  branches.  8  black,  or  black 
with  a  transverse  basai  blue  ring  ;  or  this  ring  enlarged  to  occupy  the 
anterior  two-fifths  of  the  length  of  the  segment,  but  interrupted  mid-dor- 
sally with  black  ;  or  8  blue,  with  a  pair  of  dorsal  black  spots  occupying 
the  posterior  three-fìfths.  Dorsum  of  9  black,  with  a  mid-dorsal  blue 
spot  ;  or  blue,  with  a  black  stripe  on  each  side  as  long  as  the  segment, 
or  reaching  from  the  anterior  end  three-fourths  of  the  way  to  posterior 
end.  IO  black  dorsally,  or  with  a  median  pale  spot,  or  nearly  as  de- 
scribed  for  the  male  ;  or  blue,  with  only  a  slight  trace  of  black  on  each 
side  at  base.  Sides  of  i-io  reddish-yellow,  more  red  and  less  yellow 
on  the  posterior  segments. 

Dimensions  :  Abdomen  cf  18.5-20.5,  ?  18-20.5;  ^^^^  wing  c^ 
14.5-16,  9  15-17  mm. 
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Habitat  :  —  Perù,  Puno,  November  1-3,  1898,  by  Wm.  J.  Gerhard, 
14  (?,  2  homoeochromatic  ?,  14  heterochromatic  ?.  Academy  of 
Naturai  Sciences  of  Philadelphia. 

Puno,  by  Garman,  i  ^.  Museum  of  Comparative  Zoòlogy,  Cam- 
bridge, Mass. 

Bolivia,  Chililaya,  November  5,  1898,  by  Wm.  J.  Gerhard,  8  e?,  i 
homoeochromatic  $,  8  heterochromatic  ?.  Academy  of  Naturai 
Sciences  of  Philadelphia. 

Both  of  these  localities  afe  on  Lake  Titìcaca  and  therefore  at  an  eie- 
vation  of  12,500  feet  "  (371 1  metres)  above  the  sea,  one  of  the  highest 
altitudes  from  which  Odonata  have  as  yet  been  reported. 

This  is  the  first  species  of  Amphiagrion  known  from  South  America. 
It  resembles  the  type  of  the  genus  A,  saucium  (Burm.  )  of  North  Amer- 
ica, not  only  by  positive  characters  set  forth  in  the  most  recent  limi- 
tation  of  the  genus, '^  but  also  in  the  variability  of  the  point  of  origin  of 
M,  (s  nodal  sector  of  de  Selys)  on  the  hind  wings.  Ten  males,  ten 
females  of  A.  titìcaca  from  Puno  have  this  origin  at  the  fourth  post- 
nodal  in  55  per  cent,  e?,  45  per  cent.  ?;  at  the  third  ia  35  per  cent, 
e?»  50  per  cent.  ?;  and  mid-way  between  third  and  fourth  in  io  per 
cent,  e?,  5  per  cent.  ?." 

A,  titicacct  differs  from  A.  saucium  by  its  less  oblique  pterostigma, 
the  presence  of  blue  on  the  posterior  abdominal  segments,  the  shape 
of  the  abdominal  appendages  of  the  male,  etc. 

108.   Ischnura?  nepos  Selys. 

(Pijvte  vi,  figs.  121,  122.) 
Agrxont  rupos  (Bates  Mss.)  Selys,  Bull.  Acad.  Belg.  (2)  zìi,  p.  1249.     1876. 

?  (hitherto  unknown)  ;  (homoeochromatic).  Differs  from  de 
Selys'  description  of  the  male  as  follows  :  Pterostigma  ochre  ;  blue 
postocular  spots  circular  ;  black  on  the  dorsum  of  abdominal  segment 
9  divided  into  two  separate  or  confluent  spots,  reaching  from  base  to 
mid-length  òf  the  segment  ;  dorsal  surface  of  io  (which  is  pale  in  some) 
almost  cannate  medially  ;  appendages  shorter  than  io,  straight,  simple, 
pale  or  dark  ;  8  with  a  well  developed  vulvar  spine  ;  geni  tal  valves 

^  Intercontinental  Railway  Commissioo  quoted  by  Gannett,  Bull.  Internat.  Bureau 
Amer.  Republ.  Sept«  1904,  p.  51. 

'^CaWert,  Biol.  Centr.-Amer.  Neurop.  p.  102.     1902. 
^  Compare  CaWert,  /.  e,  p.  102,  footnote  f . 
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reaching  to  the  level  of  the  hind  end  of  ii  (anal  tubercle);  femora 
brown  superiorly. 

In  femaleSy  which  appear  to  be  older,  the  labrum  is  black,  with  only 
its  extreme  free  margìn  pale  ;  the  postocular  spots  are  indistinct,  and 
the  pale  narrow  antehumeral  stripes  have  disappeared. 

?  (heterochromatic  a).  Upper  surfece  of  head  and  of  thorax  dull 
yellowish,  with  here  and  there  some  reddìsh  tìnge,  especially  on  the 
thoracic  dorsum  ;  the  foUowing  black  :  a  narrow  strìpe  along  the  base 
of  the  labrum  ;  a  marginai  strìpe  on  the  nasus,  which  almost  completely 
surrounds  the  yellowish  disk,  except  at  the  middle  of  the  anterior 
border  ;  a  transverse  stripe  from  eye  to  eye  immediately  behind  the 
antennse  and  enclosing  the  anterìor  (median)  ocellus  and  three  yel- 
lowish or  orange  points,  one  in  front  and  one  on  each  side  of  the 
ocellus  ;  a  second  more  sinuous  transverse  strìpe  from  eye  to  eye  just 
behind  the  two  lateral  ocelli  ;  hind  surface  of  the  second  joint  and  ali 
of  the  remaining  distai  joints  of  the  antennse  ;  a  short  line  on  the 
upper  endi  of  the  humeral  and  of  the  second  lateral  thoracic  sutures. 
The  circular  blue  postocular  spots  confluent  with  the  pale  color  of  the 
rear  of  the  head.  Apparently  a  pale  green  antehumeral  line  on  the 
reddish-yellow  thorax.     Abdomen  as  in  the  homoeochromatic  female. 

?  (heterochromatic^).  Like  heterochromatic  a,  butthe  dorsum  of 
abdominal  segment  9  is  black,  io  beingeither  black  or  pale  above  ;  in 
one  example  there  is  a  posterior  brown  border  to  the  blue  postocular 
spots. 

?  (heterochromatic  e).  The  two  transverse  stripes  on  the  top  of  the 
head  fused,  leaving  only  yellowish  dots  or  short  lines  between  them  (/.  e, , 
between  the  median  and  the  lateral  ocelli);  a  brown  posterìor  border 
to  the  blue  postocular  spots  ;  a  black  stripe  on  each  side  of  the  mid- 
dorsal  thoracic  carina  (which  is  reddish)  half  as  wide  as  the  mesepi- 
stemum  on  which  it  lies  ;  an  isolated  black  streak  on  the  mesepimeron 
dose  to  the  humeral  suture.      (Nearly  ali  the  abdomen  is  lost.) 

e?  9.  Anal  vein  (=inferior  sector  of  the  triangle  of  de  Selys)  sep- 
arating  from  the  hind  margin  proxiraal  to  the  cubito-anal  cross-vein 
(=  postcostal  nervule  of  de  Selys)  on  the  front  wings  by  as  much  (25 
per  cent,  e?,  37  per  cent.  ?),or  bylessthan  as  much  (75  per  cent,  cf, 
58  per  cent.  ?  ),  as  the  length  of  the  cross-vein  itself  ;  on  the  A/W 
wings  separating  from  the  hind  margin  proximal  to  the  cross-vein  by 
less  than  the  latter's  length  (17  per  cent,  e?,  25  per  cent.  9),  or  at 
the  cross-vein  itself(83  per  cent,  e?,  75  per  cent.  ?). 
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Postnodals  on  the  front  wings  (7-8)»  e?,  7-10  (8)  ?  ;  on  thehind 
wings5-7  (6)  e?,  6-7  (7)  ?;  the  numbers  in  parentheses  the  most  fre- 
quent.  M,  (=  nodal  sector  of  de  Selys)  arìsing  nearest  the  third  (75 
per  cent.  J*,  58  per  cent.  ?),  midway  between  the  third  and  foarth 
(8  per  cent,  e?,  21  per  cent.  ?  ),  or  nearest  the  fourth  (16  per  cent. 
e?,  21  per  cent.  ?)  postnodal. 

The  pterostigma  is  a  most  characterìstic  feature  of  this  species,  the 
costai  edge  being  shorter  (100  per  cent,  e?  9)  than  the  proximal  or 
distai  edges,  and  often  also  than  the  posterior  edge  ;  the  distai  edge  de- 
cidedly  convex  and  forming  a  much  less  acute  angle  with  the  anterior 
margin  of  the  wing  than  does  the  proximal  edge. 

(Ali  the  above  percentages  based  on  6  e?,  12  ?.) 

Dimensions  :  Abdomen  e?  16-18,  9  16-19. 5  5  hindwing  e?  10.5- 
II. 5,  ?  11-13.S  mm. 

Habitat: — Brazil,  Marajo  Island,  August-October,  1907,  by 
Miss  Harriet  Merrill,  i  ?  and  parts  of  i  cf,  i  ? .  Academy  of 
Naturai  Sciences  of  Philadelphia. 

Cuyabà,  i  e?,  i  ?  hom.,"  i  9  het."  a,  i  9  het.  b\  Cachoeirai  9 
hom.,  no.  38  ;  Cachoeira  Cuyabà,  flooded  campo,  January  26,  i  e? 
and  parts  of  i  e?,  1 9  het.  ^,  i  9  het.,  no.  19  ;  id.,  parts  of  i  e?,  i  9 
het.  e  \  Chapada,  i  9  hom.  ?  ;  Uacaryzal,  i  9  hom.  and  parts  of  2  9 
hom.  ;  Corumbà,  2  e?,  i  9  hom.  ;  ali  by  H.  H.  Smith.  Carnegie 
Museum,  Pittsburgh. 

Bolivia,  Piedra  Bianca,  Aprii,  by  H.  H.  Smith,  i  e?  and  part  of 
I  other  specimen.     Carnegie  Museum,  Pittsburgh. 

Paraguay,  Concepcion,  by  H.  H.  Smith,  part  of  i  e?.  Carnegie 
Museum,  Pittsburgh. 

In  describing  this  species  from  a  single  male,  taken  by  Bates  on  the 
Amazon,  de  Selys  remarked  :  "Si  la  femelle  possédait  une  épine 
vulvaire,  on  pourrait  considérer  le  nepos  comme  un  Ischnura  aberrant. 
Elle  a,  en  effet,  des  rapports  avec  ce  groupe,  non  seulement  par  sa 
petite  taille  et  sa  coloration,  mais  encore  par  la  difìférence  du  ptero- 
stigma  aux  quatre  ailes,  les  appendices  supérieurs  branchus  à  la  base, 
et  le  bout  du  io"  segment  un  peu  relevé  et  bituberculé. * '  Now  that 
the  existence  of  a  vulvar  spine  is  known,  there  might  be  added  to  the 
evidence  adduced  by  de  Selys  in  favor  of  the  Ischnurine  affinities  of 
this  species,  the  apparent  existence  of  dimorphic  females. 

**  hom.  --=.  homceochromatic. 
**  het.  =  heterochromatic. 
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On  the  other  band  it  must  be  pointed  out  that  the  difference  be- 
tween  the  pterostigmata  of  the  front  and  hind  wings  of  the  males  i& 
much  slìghter  than  in  males  of  Ischnura  and  perhaps  than  in  de  Selys' 
type  of  nepos  ;  in  some  examples  there  is  no  difference  in  size  and  very 
little  in  shape,  and  in  ali  there  is  no  difference  in  color.  The  shape 
of  the  pterostigma  is  less  oblique  than  in  Ischnura  and  is  not  unlike 
that  of  Acanthagrion  truncatum.  The  more  distally  situated  point  of 
separation  of  the  anal  vein  from  the  hind  margin,  especially  on  the 
hind  wings,  is  a  divergence  from  Ischnurine  characters,  and  so  also  is 
the  tendency  of  M,  in  so  many  hind  wings  to  arise  at  a  point  more 
remote  than  the  third  postnodal.  The  shape  of  the  superior  append- 
ages  of  the  male  (aside  from  the  existence  of  the  **  branche  interne  "  ) 
is  not  Ischnurine,  nor  on  the  other  hand  does  it  resemble  those  of  the 
males  of  de  Selys'  "seconde  section  "  of  Acanthagrion,  a  reference 
suggested  by  the  venational  characters.  Further,  it  is  not  certain 
whether  the  females  above  described  as  heterochromatic  may  not,  to- 
some  extent,  represent  differentstages  in  development  rather  than  true 
dimorphs. 

On  the  whole,  however,  it  seems  best  to  adopt  provisionally  de  Selys'" 
suggestion  and  consider  nepos  an  aberrant  Ischnura. 

The  fragmentary  specimen  from  Piedra  Bianca  shows  an  interesting 
abnormality  in  the  stigmata  of  the  hind  wings  :  the  stigmata  are  tri- 
angular,  due  to  the  meeting  of  the  proximal  with  the  distai  edge  at  the 
costa  and  the  entìre  suppression  of  the  costai  edge  ;  the  stigmata  thus 
touch  the  costa  at  hardly  more  than  a  point  and  only  a  slight  recession 
from  the  wing  margin  would  be  necessary  to  produce  a  condition  es- 
sentially  like  that  of  the  stigma  of  the  front  wing  of  Anomalagrion 
hastatum  e?. 

109.  Ischnura  fluviatllis  Selys. 

Ischnura  fluviatilis  Ris,  Hamburg,  Magai.  Sammelr.  Odon.,  p.  14, 1904  ;  Deut.  Ent. 
Zeitscbr.  1908,  p.  518. 

Habitat  :  —  Brazil,  Marajo  Island,  Aug.-Oct.,  1907,  by  Miss  H. 
B.  Merrill,  i  e?,  2  het.  9  ;  and  Rio  Grande  do  Sul,  by  H.  v.  Ihering,. 
2  ?  no.  333.     Acaderay  of  Naturai  Sciences,  Philadelphia. 

Cachoeira  Cuyabà,  flooded  campo,  January  26,  by  H.  H.  Smith,  i 
e?.     Carnegie  Museum,  Pittsburgh. 

Paraguay,  Sapucay,  by  W.  T.  Poster,  November,  1899,  i  e?  (no. 
18),  I  9  (no.  4),  February,  1900,   i  het.  9.     U.  S.  National  Mu- 
seum. 
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Villcta,  by  H.  H.  Smith,  i  cf.     Carnegie  Museum,  Pittsburgh. 

Argentina,  Santa  Helena,  east  side  of  Rio  Paranà,  December  21, 
2  J*,  by  the  same.    (Same  museum.  ) 

Chile,  Bafios  de  Cauquenes  (i  cT,  i  9,  U.  S.  N.  M.),  Penco'(i  cf  ) 
and  Concepcione  (i  ?),  January,  1905  (Acad.  Nat.  Sci.  Phila.),  by 
C.  E.  Reed. 

109^.  Ischnura  fluviatills  var.  bizonata  Selys. 

Habitat:  —  Brazil,  Uacaryzal,  i  orange  ?;  Rio  de  Janeiro,  2  ^ 
and  parts  of  2  others,  2  orange  ?  and  part  of  i  other  ;  Rio  Grande  do 
Sul,  salt  marshes,  December,  2  e?,  2  broken  e?,  i  orange  ?  ;  ali  by 
H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 

no.  Anomalagrion  hastatum  Say. 

Anomaìagrìon  hastatum^  Calvert,  Biol.  Centr. -Amer.  Neurop.,  pp.  130,  390.     1903, 
1907. 

Habitat:  —  Bahamas,  New  Providence,  Nassau,  June  28,  1904,  by 
Alien,  Barbour  and  Bryant,  i  black  9.  Museum  of  Comparative 
Zoòlogy,  Cambridge,  Mass. 

Porto  Rico,  Mayaguez,  by  O.  W.  Barrett,  January,  1905,  2  cJ*,  2 
black  9,  2  orange  9.     Collection  of  P.  P.  Calvert. 

III.  Ceratura  capreola  Hagen. 

Ceratura  capreola  Calvert,  Biol.  Centr.-Amer.  Neurop.,pp.  131,  390.     1903, 1907. 

Habitat  :  —  DuTCH  Guiana,  Paramaribo,  by  Miss  K.  Mayo,  i  citron 
9. 

Brazil,  Marajo  Is.,  August-October,  1907,  by  Miss  H.  B.  Merrill, 
I  citron  9. 

Saó  Paulo,  September  14,  1900,  by  A.  Hempel,  i  black  9,  lorange 
9,  I  citron  9. 

AH  the  precedìng  in  the  Academy  of  Natnral  Sciences  of  Phila- 
delphia. 

Santa  Anna  do  Japara,  August,  1898,  by  Moenkhaus,  i  citron  9- 
Collection  of  C.  C.  Adams. 

Bom  Fim,  November  2,  1907,  5  cf ,  i  black  9,  2  citron  9,  and  Bar- 
reiras,  January  4,  1908,  i  cf ,  both  in  Bahia  State  ;  Munez  Freire,  in 
Espiritu  Santo,  June  19,  1908,  i  bl.  9;  Ururahy,  June  30,  1908,  i 
bl.  9  '}  Ali  by  J.  D.  Haseman.     Carnegie  Museum,  Pittsburgh. 
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Rio  de  Janeiro,  November,  4  e?,  2  ?;  Chapada,  3  e?  (no.  139)  ; 
Cuyabà,  2  e?  ;  Cachoeira,  flooded  campo,  January  26,  2  cf  (no.  18), 
I  citron  9  (no.  7);  Cachoeira,  i  orange  ?  (no.  37);  ali  by  H.  H. 
Smith.     Carnegic  Museum,  Pittsburgh. 

112.  Palsmnema  clementla  Selys. 

Habitat:  —  Colombia,  Bonda,  in  Dept.  Magdalena,  July,  by  H.  H. 
Smith,  I  e?.     Carnegie  Museum,  Pittsburgh. 

113.   Peristlcta  «neovirìdls  sp.  nov. 
(Plate  vi,  fig.  124.) 

cT .  Head  black  ;  labium,  a  narrow  strìpe  bordering  the  eyes  inferi- 
orly,  extreme  anterìor  margin  of  labrum  and  rhinarium  yellowish; 
genae  inferiorly  pale  blue. 

Prothórax  and  thorax  metaUicgreen^  inferior  parts  of  mesepimeron 
and  of  metapleuron  and  pectus  yellow,  a  very  narrow  black  stripe  on 
the  mid-dorsal  thoracic  carina  ;  hind  lobe  of  prothórax  low,  its  pos- 
terior  margin  convex. 

Abdomen  dark  metal lic-green,  becoming  black  on  the  posterior  seg- 
ments  ;  very  small  yellowish  spot  on  each  side  of  the  base  of  4-6. 
Hind  margin  of  io  very  slightly  emarginated  mid-dorsally,  not  elevated, 

Superior  appendages  moderately  forcipated,  twice  as  thick  in  the 
proximal  as  in  the  distai  half,  hearing  at  mìd-length  a  stout  trìangular 
infero-intemal  tooth  not  as  long  as  half  of  the  appendage  ;  in  profìle 
view  the  appendages  are  straight,  directed  upward,  tapering  (except 
for  the  tooth  which  is  less  visible  than  in  dorsal  view)  from  base  to 
apex.     Inferior  appendages  rudimentary. 

Legs  black  ;  coxae,  trochanters,  extreme  bases  of  femora,  and  upper 
surfaces  of  tibiae  yellow  ;  tarsi  pale  brown.  Hairs  or  spines  shorter 
than  the  intervals  separating  them,  third  femur  with  4  (longer)  on 
the  outer  row,  seven  (shorter)  on  the  inner  row  ;  third  tibia  with  6 
(longer)  on  the  outer,  12  (shorter)  on  the  inner  rowi 

Wings  slightly  smoky  toward  the  apex  ;  stigma  surmounting  less 
than  one  celi,  its  distai  edge  more  oblique  than  the  proximal  on  the 
front  wings.  Front  wings  with  11-12  postnodals;  CUj  (  =  superior 
sector  of  the  triangle  of  de  Selys)  terminati ng  l'j^  to  2  celis  distai  to 
the  vein  descending  from  the  nodus;  M,  (  =  nodal  sector)  arìsing  at  the 
fourth  postnodal  ;  M^^  (  =  ultra-nodal  sector)  at  the  sixth  or  seventh. 
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Hind  wings  with  9-10  postnodals,  M,  arising  at  the  third,  M,^  at  the 
sixth,  CUj  ending  2  Va  cells  distai  to  the  vein  descending  from  the 
nodus. 

Abdomen  27,  hind  wing  16  mm. 

$  unknown. 

Habitat: — Paraguay,  Sapucay,  by  W.  T.  Poster,  November,  1899, 
I  e?.     United  States  National  Museum. 

Differs  from  the  description  of  the  only  other  known  species  of  the 
genus,  P^forceps  Hagen,  of  **  Brazil,"  by  the  italicised  characters. 

The  sides  of  the  prothorax  and  of  the  thorax  inferiorly,  the  coxse, 
base  of  the  abdomen,  and  the  superìor  appendages  are  slightly  pruinose 
in  this  male. 

114.  Neoneura  bilinearìs  Selys. 

Habitat:  —  Brazil,  Muniz  Freire  in  Esperitu  Santo,  June  18,  1908, 
by  J.  D.  Haseman,  i  e?.     Carnegie  Museum,  Pittsburgh.     , 

115.  Neoneura  fulvicoUis  Selys. 

Habitat:  —  Brazil,  Uacaryzal,  i  e?,  and  Rio  Cuyabà,  January  23, 
1886,  part  of  I  e?,  by  H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 

116.  Neoneura  rubriyentris  Selys. 

Habitat: — Brazil,  Rio  Grande  do  Sul,  by  H.  v.  Ihering,  2  (f , 
no.  331.     Academy  of  Naturai  Sciences,  Philadelphia. 

117.  Neoneura  sylvatlca  Selys. 

Habitat  : — Brazil,  RioSalitre,  State  of  Bahia,  November  13,  1907, 
by  J.  D.  Haseman,  i  cT.  Chapada,  i  e?,  no.  184,  and  Cachoeira, 
part  of  I  e?  no.  28,  by  H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 

118.  Protoneura  capllliformls  Selys. 

Habitat:  —  Brazil,  Chapada,  by  H.  H.  Smith,  3  e?,  i  ?,  nos.  36, 
37,  78.     Carnegie  Museum,  Pittsburgh. 

119.  Protoneura  capillaris  Rambur. 

Habitat:  —  Jamaica,  Kingston,  by  W.  J.  Fox,  i  e?.  Academy  of 
Naturai  Sciences,  Philadelphia. 

120.  Protoneura  tenuissima  Selys. 

Habitat:  —  Brazil,  Peixe-Boi,  November-December,  1907,  by 
Miss  H.  B.  Merrill,  i  ? .     Academy  of  Naturai  Sciences,  Philadelphia. 
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GOMPHINiE. 

121.  Progomphtts  complicatus  Selys. 

Habitat:  —  Paraguay,  Sapucay,  by   W.    T.    Poster,  November, 
1899,  I  (5*,  December,  1899,  4  e?  no.   41.     U.  S.  National  Museum. 
Length  of  abdomen  33-35.5,  hind  wing  24-26.5  mm. 

122.  Progomphtts  intrìcatus  Selys. 
(Plate  vii,  fio.  129.) 

Habitat:  —  Brazil,  Chapada,  by  H.  H.  Smith,  9  e?  and  parts  of 
4  others,  4  e?  and  part  of  one  other,  nos.  137  and  44,  1  e?  is  dated 
May.     Carnegie  Museum,  Pittsburgh. 

See  also  under  the  foilowing  species  : 

123.  Progomphtts  recticarìnatus  sp.  nov. 

(Plate  VII,  fig.  128.) 

Closcly  related  to  P.  intricatus  ;  the  differences  may  be  seen  trom 
the  foilowing  comparìson. 

P,  intricatus. 
wider  ; 
pale  brown  ; 

blackish,  rarely 
yellowish  in  the 
middle  (  ^  )  ;  yellow 
margined  wìth 
black  (  $  and  i  9  )  ; 

pale  brown  ; 

confluent  below 
with  the  yellow 
mesothoracic  •  *  collar,  '  ' 
almost  touching  the  ante 
alar  sinus  above  ; 

complete  ; 


Occiput  : 

Superior  frontal  band  : 

Hind  lobe  of  prothorax 


Darker  color  of  thorax  : 

Pale  (yellow)  ante- 
humeral  stripe  : 


P,  recticarinatus. 
narrower. 
blackish. 
yellow. 


blackish-brown. 

not  confluent  with  the  yel- 
low «*  collar,*'  not  reaching 
the  antealar  sinus  above. 


interrupted  near  its  upper  end, 
which  is  represented  by  a  spot. 


Yellow  "humeral  "   line 
(really  ante-humeral)  : 

Lateral  abdominal  mark-    brown,  not  well  developed    blackish-brown,  well  devel- 
ings  on  3-7  :  anterìor    to    the   median    oped  anterìor  to  the  median 

transverse  suture  of  each    suture. 

segment,  much  paler  and 

and  less  eztended  in  the  9  ; 
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Dorsum  of  abd.  segs.  8 
EDd  9: 

Abdonùnal  segment  io  : 


Superìor  appendages  in 
dorsal  view  : 

Do.,  in  profile  view  : 


Branches  of  the  inferior 
appendage  : 
Apices  of  the  iith  seg- 
ment  (anal  tabercle)  in 
dorsal  view: 
Abdominal  segment  io 
(9  )>  dorsum: 


Appendages  9  ' 


Vulvar  lamina  9 


dark-brown  not  narro wed, 
or  narrowed  posteriorly  on 
each  ; 

reddish-yellow,  only 
slightiy  brown  at  extreme 
base,  or  (in  i  ^  )  withtwo 
brown  dorsal  strìpesfor  its 
entire  length  ; 
tapering  more  gradually  to 
apex,  yellowish,  no  black 
at  base  ; 

the  eztemal  basai  denticu- 
lated  carina  distinctly 
sinuate  ; 

yellowish,  more  strongly 
curyed  mesad  at  tips  ; 
blabkish,  more  acute  ; 


dark  brown,  narrowed  post- 
eriorly on  each,  or  not  nar- 
rowed on  8. 

with  a  middorsal  blackish 
band  from  end  to  end. 


tapering  less  gradually,  green- 
ish,  blackish  at  base. 

the  same  carina  almost 
straight 

blackish,  less  strongly  curved 
at  tips. 
greenish,  less  acute. 


obscnre  brownish,  not 
quite  so  dark  as  those  of 
8  and  9,  almost  equal  in 
length  to  9  ; 

longer  than  io,  subequal  to 
9,  yellowish,  tapering  to  a 
very  acute  apex  ; 
about  one-sizth  as  long  as 
9,  bilobed  almost  to  base, 
each  lobe  wider  than  long, 
its  apical  margin  concave, 
thusforming  two  angles,  of 
which  the  ventral-inner 
one  is  obtuse  and  free, 
while  the  outer-dorsal  one 
is  applied  against  the  ven- 
tral  surface  of  9  ; 


Discoidal    triangle,    front 
wing  : 

3.celled  in 

2-celled  in 
Internai     triangle,     front 
wing  : 

Discoidal    triangle,    front 
wing  : 

2-celled  in 

3-celled  in 


19  wings  ^  ,9  wings  9  ; 
7  «*  ^,1  wing  9; 
2  celled  in  ali  ezamples  ; 


I9wings^,6wings  9  ; 

7    "    ^.4   "    9; 


black,  half  as  long  as  9. 


longer  than  io,  shorter  than 
9,  greenish-yellow,  not  taper- 
ing much  ezcept  at  apex. 
about  one-fourth  as  long  as 
9  but  shaped  as  in  intritaius. 


8  wings  $ . 
2  "  $, 
2-celled  in  ali  ezamples. 


9  wings  $ . 
I  wing  $, 
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Internai  trìangle  hind  wìng  : 

2-celled  in  i6  wings  $ ,  7  wings  9  >       io  wings  $ . 

frec  in  IO    •*     ^,  2     "      9  ; 

Lengthofabdomeninmm.:   31-33   $  ;  31*5-33  ^* 

29-31  9  ; 

«     «  hindwinginmm.:  23-25  ^;  25-26.5  $, 

24-25.5  9  ; 

Distance  on  front  wing 
fiom  nodus  to  stigma  in 
mm.  :  6-7.  7-S. 

Both  species  lack  a  sternal  process  on  abdominal  segment  i  ;  both 
bave  the  pale  antehumeral  stripes  diverging  from  each  other  both  on 
their  inner  and  ^eir  outer  edges. 

Haò.  {pf  recHcarinatus)  :  Brazìl,  Chapada,  by  H.  H.  Smith,  4 
cf  and  part  of  one  other,  i  $  abdomen  attached  to  a  thorax  and  head 
of  a  P,  intricatus  $  ;  one  numbered  69,  some  dated  May  and  Decem- 
ber.     Camegie  Museum,  Pittsburgh. 

P,  recticarinatus  differs  from  P.  complicatus  by  its  smaller  size, 
absence  of  blackish-brown  on  the  face,  predominance  of  yellow  on  3- 
7  in  dorsal  view,  shorter  and  more  strongly  curved  branches  of  the  in- 
ferior  appendage  e?  ;  it  differs  from  P.  jorgensi  Ris  by  the  absence  of 
black  spots  at  the  base  and  nodus  of  the  wings,  and  its  smaller  size. 

124.  Gomphoides  hesperus,  sp.  nov. 
(Paté  VII,  figs.  125,  125J.) 

cf .  Head  brown  (partly  discolored  ?);  extemal  surface  of  the  man- 
dibles  greenish-yellow  ;  superior  surface  of  frons  moderately  declined  ; 
hind  margin  of  the  occiput  straight,  with  blackish  hairs. 

Thoracic  dorsum  blackish-brown,  a  green  antehumeral  strìpe  not  at- 
taining  the  antealar  sinus,  widening  forward  (cephalad)  especially  in 
the  foremost  third,  so  that  at  the  anterior  mesepistemal  margin  the 
strìpe  is  more  than  twice  as  wide  as  at  mid-height  ;  this  widening  is 
on  the  outer  (lateral)  edge  of  each  strìpe,  as  the  inner  (mcsial)  edge 
is  parallel  to  the  mid-dorsal  carina  and  is  as  far  therefrom  as  the  strìpe 
is  wide  at  mid-height  ;  a  second,  narrower,  green  antehumeral  strìpe 
is  placed  just  anterìor  to  the  humeral  suture  by  less  than  its  own  width, 
it  also  does  not  quite  reach  the  antealar  sinus.  Sides  of  the  thorax 
chiefly  green,  a  brown  strìpe  on  the  whole  length  of  the  first  and  of 
the  second  lateral  sutures  ;  pectus  greenish. 
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Abdominal  segments  i  and  2  chiefly  greenish-yellow,  with  a  brown 
stripe  on  each  side  (above  the  greenish-yellow  auricles  on  2)  ;  3-10 
chiefly  blackish-brown,  with  the  following  yellow  or  orange  markings  : 
a.mid-dorsal  line  or  very  narrow  stripe  on  3-6  and  8-9,  but  on  7  oc- 
cupying  the  whole  width  of  the  segment  for  its  anterior  two-fifths, 
narrowing  posteriorly  on  the  remaining  three-fifths,  this  mid-dorsal 
line  or  stripe  almost  as  long  as  each  segment  ;  a  basai  spot  on  each  side 
of  3-6  occupying  a  third  of  the  segment  or  less,  the  sides  inferiorly  of 
7-10,  sternites  of  8-10.  Inferior  lateral  margins  of  8  and  9  enlarged, 
that  of  8  being  sinuate  in  profìle  view,  slightly  convex  for  the  first 
half,  then  stili  more  slightly  concave,  becoming  more  strongly  convex 
and  denticulated  in  the  hindmost  fourth  ;  that  of  9  obtusely  angulate 
(about  150°)  at  one-third  length,  remaining  two-thirds  very  slightly 
concave,  io  in  dorsal  view  constricted  in  the  middle,  its  posterior 
margin  wider  than  its  anterior  and  very  slightly  and  widely  concave 
medially. 

Superior  appendages  subequal  in  length  to  io,  blackish;  in  dorsal 
view  nearly  straight  in  the  proximal  three-fifths,  strongly  curved  toward 
each  other  in  the  remaining  two-fifths,  each  decreasing  gradually  in 
width  to  half  its  length  ;  apex  somewhat  obtuse,  preceded  on  the  inner 
side  by  a  distinct  parallel  finger-like  tooth,  which  fells  short  of  reaching 
the  level  of  the  apex  by  more  than  its  own  length,  no  other  tooth  or 
tubercle  on  the  inner  sur&ce  of  the  appendage  ;  in  profile  view  each 
superior  appendage  decreases  in  thickness  from  base  to  apex  ;  terminal 
fourth  curved  downward  ;  apex  moderately  acute  ;  an  obtusely  pointed 
superior  tooth  on  the  upper  surface  immediately  after  the  base,  and  a 
longer,  fiatter,  rounded  tubercle  on  the  inferior  surface,  likewise  im- 
mediately after  the  base. 

Inferior  appendage  extremely  short,  not  projecting  caudad  beyond 
the  level  of  the  posterior  dorsal  margin  of  io. 

Coxae  and  femora  greenish  or  greenish-yellow;  tibiae  and  tarsi 
brownish. 

Wings  slightly  clouded  with  pale  brownish-yellow,  especially  in  the 
distai  three-fifths  ;  stigma  ochre  ;  veins,  including  the  costa,  brown  or 
black  ;  internai  triangle  of  the  hind  wings  free  ;  the  other  three  triangles 
two-celled.  Front  wings  with  17-18  antenodals,  10-12  postnodals  ; 
and  at  most  two  rows  of  cells  in  Cu,  area  (s  area  between  the  inferior 
sectorof  the  triangle  of  Selys  and  the  hind  margin).  Hind  wings 
with  at  most  three  rows  of  cells  in  the  same  area. 
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Abdomen  39.5,  hind  wing  30  ;  costai  edge  of  stigma  of  front  wing 
3.5  mm. 

¥  unknown. 

Habitat:  —  Ecuador,  Quevedo,  by  Prof.  F.  Campos  R.,  i  e?,  no. 
140  of  the  collector.     Academy  of  Naturai  Sciences  of  Philadelphia. 

This  species  is  a  Cyclophylla  of  Selys.  It  falls  next  to  Gomphoides 
volsella  Calvert,  in  the  Synopsis  of  Mexican  and  Central  American 
species  in  Biol.  Centr.  Amen  Neuropt.,  p.  154.  It  difTers  from 
volsella  in  the  shape  of  the  appendages  ;  and  in  the  anterior  green  ante- 
humeral  stripe  being  narrower,  not  reaching  to  the  antealar  sinus  nor 
confluent  with  the  second  or  posterior  green  antehumeral  stripe  supe- 
riorly  (as  is  the  case  in  volsella'). 

125.  Gomphoides  virìdlpleuris  sp.  nov. 
(Plate  vii,  figs.  126,  I26j.) 

cf .  Head  bluish-green  ;  basai  parts  of  labium,  extreme  free  edges  of 
labrum  and  of  nasus,  and  extemal  surfaces  of  mandibles  yellow  ; 
ocellar  area  brown  ;  superior  surface  of  frons  nearly  horizontal,  not 
declined  ;  hind  margin  of  occiput  nearly  straight^  with  black  hairs. 

Prothorax  green  ;  hind  lobe  and  some  marks  on  the  middle  lobe 
blackish-brown. 

Thoracic  dorsum  neh  chocolate-brown,  the  following  yellow  :  an 
antehumeral  stripe  of  almost  uniform  width  (.8  mm.)  about  as  far 
from  the  mid-dorsal  carina  as  its  own  width  and  almost  parallel 
thereto,  being  only  a  little  nearer  to  the  carina  at  its  upper  than  its 
lower  end,  confluent  below  with  a  transverse  yellow  stripe  ("collier 
mésothoracique  "),  which  latter  is  interrupted  at  the  lower  end  of  the 
median  carina  ;  a  fine  green  line  on  ali  but  the  upper  end  of  the 
humeral  suture  ;  a  slightly  wider  green  line  a  short  distance  in  front  of, 
and  parallel  to,  the  humeral  suture  for  the  whole  height  of  the  sclerite. 

Anterior  edge  of  the  mesepimeron  with  a  brown  line  or  narrow  stripe 
about  equal  in  width  to  the  brown,  which  separates  the  just-mentioned 
humeral  and  antehumeral  lines,  but  ali  the  remainder  of  the  mesepitner' 
on  and  ali  the  metapleuron  yellowish-green^  without  darker  markings  of 
any  kind.     Pectus  yellowish. 

Abdominal  segments  2-7  greenish-yellow  mid-dorsally  for  the  entire 
length  of  each  segment,  except  at  the  intersegmental  articulations, 
but  narrowing  posteriorly  on  each  (in  some  to  a  mere  line)  ;  sides 
superiorly  blackish -brown  behind  the  greenish  auricles  on  2,  for  the 
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whole  length  of  3,  and  for  nearly  the  whole  length  of  4-7,  excepting 
fbr  the  basai  tenth  of  each  ;  this  brown  widens  posterìorly  on  each 
segment  reachingup  on  the  dorsum,  but  is  not  confluent  with  the  brown 
of  the  opposite  side,  except  at  the  intersegmental  articulations.  8-10 
similarly  marked,  but  the  mid-dorsal  yellow  is  narrower,  and  may  not 
reach  to  the  hind  end  of  each.  Sides  of  ali  the  abdorainal  segments 
inferiorly  and  the  sternites  of  8-10  yellow  ;  sterni tes  of  3-7  blackish. 
Inferior  lateral  margins  of  8  and  9  enlarged  ;  that  of  8  convex,  especially 
near  the  posterìor  end,  and  denticulated;  that  of  9  hardly  convex,  almost 
straight,  not  denticulated.  Hind  margin  of  io  convex  and  entire  me- 
dially,  its  inferior  lateral  angle  on  each  side  with  a  tuft  of  brownish- 
yellow  hairs  and  folded  under  and  applied  against  the  sternite.  In 
dorsal  view  io  is  constricted  at  mid-length,  its  hind  end  wider  than  its 
front  end. 

Superior  appendages  longer  than  io,  subequal  to  9,  brownish  at  base, 
blackish  at  apex,  yellowish  within.  In  dorsal  view  each  appendage  is 
almost  straight  for  its  proximal  two-thirds,  but  decreases  gradually  in 
width;  especially  on  the  inner  side  ;  distai  third  strongly  curved  inward 
(mesad);  apex  rounded,  and  preceded  on  its  inner  side  by  a  distinct 
fìnger-like  process,  which  falls  short  of  reaching  the  level  of  the  apex 
by  more  than  its  own  length  ;  at  about  half  length  the  inner  surface 
bears  a  small  blunt  tubercle  nearer  the  upper  edge  of  the  appendage. 
In  profìle  view  each  superior  appendage  is  nearly  straight  in  its  proxi- 
mal two-thirds,  curved  rather  strongly  down  in  its  distai  third  ;  apex 
rooderately  acute  ;  in  the  proximal  fourth  the  appendage  decreases 
greatly  in  thickness,  especially  on  its  upper  surface,  while  the  lower  sur- 
face bears  a  well-marked  rounded  tubercle. 

Inferior  appendage  very  short,  not  reaching  to  more  than  the  level 
of  one-tenth  of  the  superi ors. 

Legs  greenish -yellow  ;  a  supero-external  femoral  stripe  ;  raost  of  the 
tibiae  (except  their  proximal  superior  portions)  and  the  tarsi  black. 

Wings  slightly  clouded  with  obscure  yellowish  ;  stigma  pale  ochre  ; 
costa  yellow  anteriorly  ;  other  larger  veins  brownish  ;  internai  triangle 
of  hind  wing  free  ;  the  other  three  triangles  two-celled  (3-celled  in  the 
discoidal  triangle  of  one  front  wing)  ;  front  wings  with  16-19  ante- 
nodals,  9-1 2  postnodals  ;  at  most  three  rows  of  cells  between  Cu,  (  = 
inferior  sector  of  the  triangle  of  de  Selys)  and  the  hind  margin.  Hind 
wings  with  4-5  rows  in  the  same  area. 

Abdomen  37-38  ;  hind  wing  28-29  mm. 
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9  unknown. 

Habitat  :  —  Paraguay,  Sapucay,  Decembcr,  1899,  W.  T.  Poster,  3 
cf .     United  States  National  Museuro. 

This  species  would  be  referred  to  Cyclophylla  in  the  Selysian  classi - 
fìcation  ;  it  differs  from  the  previously  described  species  in  its  combi- 
nation  of  immaculate  green  sides  of  the  thorax  with  superior  appen- 
dages  of  the  shape  here  given.  It  falls  under  rubrìc  B  of  the  synopsis 
of  Mexican  and  Central  AmericSsm  species  of  Gamphoides  in  Biol. 
Cenlr.-Amer.  Neurop.,  p.  153. 

126.  Gomphoides  dentata  Selys. 

Aphylla  dentata  Ris,  Hamburg.  Magai.  Sammelr.     Odon.,  p.  i6.     I904. 

Paraguay,  Rio  Paraguay  below  Asuncion,  Dee.  24,  i  e?.  Museum 
of  Comparative  Zoology,  Cambridge,  Mass. 

Rio  Paraguay  below  Concepcion,  Dee.  30,  by  H.  H.  Smith,  part 
of  I  e?.     Camegie  Museum,  Pittsburgh. 

These  specimens  measure  :  abdomen  45,  hind  wing  34-35  mm. 

The  published  descriptions  do  not  mention  that  the  hind  dorsal 
margin  of  abd.  seg.  io  has  a  small  median  semicircular  notch,  the 
diameter  of  which  is  about  one-half  of  that  of  either  superior  append- 
age  at  base. 

The  male  of  December  30  has  the  green  antehumeral  stripes  con- 
fluent  below  for  the  inner  (mesial)  half  of  the  width  of  each,  with  the 
green  "  collier  mésothoracique.  " 

127.   Gomphoides  camposi  sp.  nov. 

(Plate  vii,  fig.  127.) 

c?.  Head  brown  ;  frons  superiorly,  mandibles  externally,  labium, 
some  indistinct  marks  on  the  rear  of  the  head,  and  occiput  green. 
Superior  surface  of  frons,  viewed  from  in  front,  concave  medially  for  a 
depth  equal  to  the  diameter  of  the  median  ocellus.  Hind  margin  of 
the  occiput  slightly  convex,  with  long  black  hairs. 

Prothorax  brown  ;  thoracic  dorsum  darker  brown  ;  a  greenish-yellow 
antehumeral  stripe  (about  8  mm.  wideat  mid-height)  wideninganteri- 
orly,  where  it  is  confluent  with  a  transverse  anterior  mesothoracic  stripe, 
(**  collier  mésothoracique"),  this  latter  interrupted  at  the  lower  end 
of  the  mid-dorsal  carina  ;  the  antehumeral  stripe  not  qui  te  reaching 
the  antealar  sinus  above,  diverging  slightly  from  above  downward 
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(forward)  from  the  mid-dorsal  carina,  from  which  it  is  distant  by  about 
ìts  own  width.  No  second  pale  antehumeral  or  pale  humeral  stripe. 
A  pale  green  stripe  about  mid-way  between  the  humeral  and  obsolete 
first  lateral  sutures,  narrower  than  the  brown  areas,  which  precede  or 
follow  it.  A  green  stripe,  narrowing  upward  and  interrupted  before 
it  reaches  the  superior  metapleural  margin,  just  in  front  of  the  second 
lateral  suture.  The  larger  (posterior)  part  of  the  metepimeron  and 
ali  of  the  pcctus  greenish-yellow.     * 

Abdominal  segment  i  greenish-yellow,  dorsum  brownish;  2  greenish- 
yellow  below,  and,  including  the  auricles,  brown  above,  with  a  narrow 
median  yellow  stripe  ;  3-10  blackish  ;  the  following  yellow  :  basai  fourth 
and  a  confluent  mid-dorsal  stripe,  narrowing  posteriorly  and  reaching 
to  the  posterior  transverse  row  of  denticles  of  3  ;  basai  eighth  of  4-6  ; 
basai  two-fìfths  of  7  ;  an  indistinct  basai  mid-dorsal  spot  on  8  ;  ìnter- 
articular  membrane  between  9  and  io.  Inferìor  lateral  margins  of  8 
and  9  enlarged,  that  of  9  strongly  convex,  the  maximum  of  the  en- 
largement  at  fìve-sixth  of  the  segment's  length  and  equal  to  half  of  the 
height  of  the  segment  at  base  ;  that  of  9  regularly  convex  and  most 
enlarged  at  mid-length  of  the  segment.  Segment  io  in  dorsal  view 
slightly  constricted  in  the  middle,  its  entire  and  almost  straight  pos- 
terior margin  a  little  wider  than  its  anterior  ;  in  profile  view  its  hind 
end  longer  (higher)  than  its  front  end,  its  lower  surface  three-fìfths 
as  long  as  its  dorsal  surface. 

Superior  appendages  2.5  mm.  long,  more  than  twice  as  long  as  io, 
longer  than  9,  subequal  to  8,  blackish  at  base,  yellow  at  apex,  curved 
toward  each  other  in  the  distai  third,  decreasing  in  width  and  thick- 
ness  from  base  to  apex,  armed  with  teeth  and  spines  as  follows  :  a 
small  acute  inferior  tooth  at  one-sixth  length,  a  long  strong  acute  in- 
ferìor spine  directed  downward,  caudad,and  inward  at  two-fìfths  length, 
a  stout  rather  obtuse  superior  tooth  or  tubercle  directed  upward  and 
inward  at  two-thirds  length  ;  the  extreme  acute  apex  is  bent  upward 
almost  at  right  angles,  the  angle  coinciding  with  the  end  of  an  inner 
thickening  of  the  appendage  homologous  to  the  finger-like  process  of 
other  species. 

Inferior  appendage  black,  divided  shortly  beyond  its  base  into  two 
slender  branches,  which  are  as  distant  from  each  other  as  are  the  two 
superior  appendages  at  their  bases,  each  branch  curved  upward  and 
slightly  outward,  and  reaching  caudad  as  far  as  the  level  of  the  base  of 
the  stout  inferior  spine  of  the  superiors. 

Coxae  and  femora  greenish,  tibiae  and  tarsi  black. 
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Wings  yellow  at  the  extreme  base  not  as  far  as  to  the  basai  sub- 
costai cross- vein  ;  stigma  blackish-brown  ;  costa  yellow  anterìorly,  other 
veìns  black  or  brown  ;  internai  triangle  of  hind  wings  free,  the  other 
three  trìangles  2-celled.  Front  wings  wìth  20-22  antenodals,  13-14 
postnodals;  at  most  three  rows  of  cells  between  Cu,  and  the  hind 
margin.     Hind  wings  with  at  most  four  rows  of  cells  in  the  same  area. 

Abdomen  43,  hind  wing  32,  costai  edge  of  stigma  of  front  wing 
3.7  mm. 

9  unknown. 

Habitat:  —  Ecuador,  Quevedo,  by  Prof.  F.  Campos  R.,  i  e?, 
numbered  86  by  the  collector.  Academy  of  Naturai  Sciences  of 
Philadelphia. 

This  species,  named  in  honor  of  the  savant  who  has  communicated 
the  tjrpe  specimen,  and  who  has  undertaken  the  preparation  of  a  Cata- 
logue  of  Ecuadorian  Odonata,  is  perhaps  related  more  nearly  to  G,  ì 
annectens  Selys  than  to  any  other  known  species.  Annectens  is  a 
larger  species,  with  3-celled  discoidal  trìangles  on  ali  the  wings,  a 
longer  pterostigma,  and  differently  shaped  superior  appendages,  the 
latter  having  a  strong  triangular  tooth,  apparently  replacing  the  stout 
inferior  spine  of  campasi ^  and  the  details  at  the  apex  are  different. 

G.  camposi  will  fall  under  rubric  F  with  G,  suasa  in  the  synopsis 
of  Mexican  and  Central  American  species  in  Biol.  Centr.-Amer. 
Neuropt.,  p.  154. 

128.  Neogomphtts  molestus  Selys. 

Habitat  :  — Chile,  Bafios  de  Cauquenes,  by  E.  C.  Reed,  i  e?.  United 
States  National  Museum. 

ìEsHNINìE.** 

129.  Anax  longipes  Hagen. 

^Anax  longipesCtX'v.f  Biol.  Centr.-Amer.  Neurop.,  p.  176. 

Habitat:  —  Bahamas,  Eleuthera  Is.,  Aprii  11-21,  1897,  by  C.  J. 
Maynard,  i  e?.     Museum  of  Comparative  Zoology,  Cambridge,  Mass. 

130.  Ashna  bonariensis  Rambur. 

^shna  bonariensis  Ris,  Hamburg.  Magai.  Sammelr.  Odon.,  pp.  24,  25.     1904; 
Deut.  Ent.  Zeitschr.,  1908,  pp.  523,  525. 

Habitat  :  —  Brazil,  Sete  Lagoas,  in  Minas  Geraes,  May  3,  1908, 
by  J.  D.  Haseman,  i  e?.     Carnegie  Museum,  Pittsburgh. 

"In  view  of  the  appearance  of  the  first  instali mcnt  of  M,  Rene  Martin* s 
"  i^chnines/*  of  the  Selys  Gitalogue,  I  havc  included  her«  only  the  iEshninse  of 
the  Carnegie  Museum,  reserving  ali  others  for  future  study. 
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131.  Ashna  haarupi  ?  Ris. 

^shna  haarupi  ^s,  DeuL  Ent.  Zeitschr.,  I908,  p.  523. 

Habitat:  —  Brazil,  Rio  de  Janeiro,  November,  by  H.  H.  Smith, 
I  ? .     Carnegie  Museum,  Pittsburgh. 

Agrees  fairly  well  with  Dr.  Ris'  description,  but  has  the  T-spot  of 
the  frons  like  that  of  ^.  confusa  Ramb.  ;  hind  wing  43  mm.,  ap- 
pendages  lost. 

132.  Ashna  ingens  Rambur. 

j^shna  ingens  Calvert,  Bìol.  Centr.-Amer.  Neurop.  p.  187.     1905. 

Habitat:  —  Bahamas,  Berry  Is.,  Aprii  7,  1891,  i  e?,  and  Great 
Harbor  Gay,  Aprii  3,  1891,  i  e?,  by  G.  B.  Cory.  Museum  of  Com- 
parative Zoòlogy,  Cambridge,  Mass. 

133.  Ashna  adnexa  Hagen. 

/EsAna  adnexa  Calvert,  Biol.  Centr.-Amer.  Neurop.,  p.  188.     1905. 

Habitat:  —  Colombia,  Bonda,  by  H.  H.  Smith,  i  9.  Carnegie 
Museum. 

134.  Gynacantha  septima  Selys. 

Gynacantha  septima  Calvert,  Biol.  Centr.-Amer.  Neurop.,  p.  191.     1905. 

Habitat:  —  Colombia,  Bonda,  by  H.  H.  Smith,  2  e?*,  i  9.  Carne- 
gie Museum. 

135.  Gynacantha  nervosa  Rambur. 

Gynacantha  nervosa  Calvert,  Biol.  Centr.-Amer.  Neurop.,  p.  193.     1905. 

Habitat: — Colombia,  Bonda,  2  9,  and  Don  Diego,  i  d^,  by  H. 
H.  Smith.     Carnegie  Museum. 

CORDULINiE. 

136.  Gomphomacromia  paradoxa  Brauer. 

Gomphomacromia  paradoxa  Needham,  Proc.  U.  S.  Nat.  Mus.  xxvi,  pi.  43,  fìg.  I, 
p.  722,  fig.  17^  1903.  Ris,  Hamburg.  Magai.  Sammelr.  Odon.  p.  30.  1904. 
Martin,  Selys  ColL  Cordulin.,  p.  56,  figs.  60,  73,  pi.  II,  fìg.  9.     1906. 

Habitat  :  —  Chile,  Banos  de  Cauquenes,  by  E.  C.  Reed,  i  e?,  i  9 . 
Patagonia,  Latitude  Cove,  i  9,  from  the  U.  S.  Fish  Commission. 
Ali  three  specimens  in  the  U.  S.  National  Museum. 
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137.  Neocordulia  yolxemi. 

(Platb  vii,  Figs.  132,  133). 

Gomphomacromia  volxemi^\y%^  Bull.  Acad.  Belg.  (2)  xxxvii,  p.  21.  1874. 
Martin,  Coli.  Zodl.  Selys  Cordulin.  p.  55,  fig.  72  (venalion).     1906. 
Neocordulia  volxemi  Selys,  Compt.  Rend.  Soc.  Ent.  Belg.     1882,  p.  cixix. 
Kirby,  Cat.  Odon.  p.  53.     1890. 

This  species  has  hitherto  been  known  only  from  the  Temale  sex.  M. 
Martin  has  again  referred  it  to  Gomphomacromia  after  de  Selys  had  re- 
moved  it  to  the  more  lately  established  Neocordulia.  M.  Martin 
remarks,  /.  r.,  "  Cette  espèce  forme  le  passage  entre  les  Neocordulia 
et  les  Gomphomacromia  :  si  on  tient  compte  de  Técaille  vulvaire  courte, 
elle  devrait  ètre  classée  avec  les  Neocordulia;  si,  au  contraire,  on 
remarque  qu'elle  n'a,  après  un  rang  de  2  ou  3  cellules  d'abord,  qu'un 
Seul  rang  de  postrìgonales,  sa  place  est  avec  les  Gomphomacromia.^^ 
Yet  the  figure  accompanyìng  M.  Martin's  text,  fig.  72,  shows  two 
rows  of  posttriangular  cells  from  triangle  almost  to  the  hind  margin  of 
the  front  wings  and  for  fi  ve  cells  beyond  the  triangle  on  the  hind  wings, 
when  the  number  of  rows  increases  —  in  no  place  a  single  row.  De 
Selys  also  gives  no  hint  that  volxemi  has  other  than  ''  deux  rangs  pos- 
trigonaux''  (/.  e,  1882).  There  seems  to  be  no  reason,  therefore,  so 
far  as  the  posttriangular  rows  are  concerned,  for  excluding  volxemi 
from  Neocordulia}'^ 

9 .  Two  females  from  Chapada  in  the  Museum  of  Comparative 
Zodlogy  agree  quite  well  with  de  Selys'  description  and  M.  Martin's 
figure,'  except  that  the  abdominal  appendages  are  longer  than  io,  more 
than  half  as  long  as  9.  The  vulvar  lamina,  the  length  of  which  is  not 
given  by  the  preceding  authors,  reaches  to  the  level  of  one-third  the 
length  of  the  stemite  of  9,  which  latter  bears  two  small  style-like 
processes  at  the  level  of  the  tip  of  the  vulvar  lamina. 

cf .  Two  males  in  the  same  Museum,  one  labeled  Chapada,  Decem- 
ber,  the  other  simply  "Brazil,**  are  very  probably  of  this  species. 
They  bave  the  face  and  lips  greenish-yellow,  becoming  brownish,  with 
some  metallic-blue  refiection  on  the  anterior  surface  of  the  frons  and 
on  the  vertex.     Occiput  dull  pale  brown  or  yellow. 

Thorax  brilliant  metallic-green,  the  sutures  and  most  of  the  ventral 
surface  pale  brown. 

••  An  enror  which  has  crept  into  Prof.  Needham's  work  "  A  Genealogie  Study  of 
Dragoo-fly  Wing  Venation  '*  (Proc.  U.  S.  Nat  Mui.  xxvi,  pp.  703-764.  1903)  may 
also  be  corrected  here.  Fig.  I,  pi.  xlii,  giren  as  the  wings  of  Neocordulia  androgynis^ 
is  not  that  of  a  Neocordulia  at  ali,  but  of  somethìng  dose  to  Dorocordulia, 
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Abdomen  dark  brown  with  the  foUowing  pale  brown  or  yellow  mark- 
ings  :  a  spot  on  each  side  near  the  hind  end  of  2  ;  a  narrow  transverse 
stripe  on  the  median  suture  of  3-6,  between  which  and  the  anterìor 
end  of  each  of  these  segments  the  mid-dorsal  surface  is  indefinitely 
paler  ;  a  triangular  mid-dorsal  spot  on  7-9,  reaching  from  the  anterior 
end  to  more  than  half  of  the  length  of  each  segment  ;  a  spot  on  each 
side  of  IO. 

Abdomen  somewhat  compressed  in  1-2,  narrower  and  more  slender 
in  3-6,  widened  from  the  anterior  end  of  7  to  the  hind  end  of  8, 
thence  narrowing.  Ventral  surface  of  8  just  anterior  to  mid-length 
with  a  stout  process,  not  half  as  long  as  8,  which  is  bifìd  at  tip  ;  apices 
acute. 

Superi  or  appendages  twice  as  long  as  io,a  little  longer  than  g,  yel- 
lowish  at  base,  brown  at  apex,  in  dorsal  view  almost  straight,  their 
inner  margins  diverging,  their  outer  margins  almosi parallel  or  diverga 
ing  moderately^  inner-upper  surface  of  each  at  two-fìfths'  length  with 
a  moderate  and  rather  obtuse  tooth^  outer  surface  at  three-fourths' 
length  with  a  smaller  tuòercle,  inferior  surface  at  one-fifth  length  with 
a  stili  smaller  but  acute  tooth,  apex  of  the  appendage  blunt;  distai  half 
with  many  long  hairs,  chiefly  on  the  inner  side. 

Inferior  appendage  yellowish,  reaching  to  the  level  of  three-fourths 
of  the  length  of  the  superiors  ;  in  ventral  view  with  a  truncated  apex, 
half  as  Wide  as  the  base,  and  terminating  in  two  upturned  denticles. 

Genital  hamule  yellow,  almost  as  prominent  as  the  genital  lobe,  bifìd 
at  apexy  branches  transverse,  outer  branch  longer,  strongly  hooked,  di- 
rected  mesad.  Genital  lobe  yellow,  rather  densely  covered,  chiefly 
on  its  mesial  side,  with  dark  hairs. 

Wings  slightly  smoky  or  dirty  yellowish. 

Abdomen  38-40,  hind  wing  35  ;  costai  edge  of  stigma  of  front  wing 
2.5  mm. 

These  males  much  resemble  those  of  N,  androgynis  Selys,  but  diffcr 
therefrom  in  the  appendages,  the  differences  from  de  Selys'  description 
and  M.  Martin's  figure  69  (of  the  appendages  of  androgynis)  being  in- 
dicated  in  the  above  description  by  italics. 

The  female  of  N.  volxemi  appears  to  differ  from  that  of  N,  andro- 
gynis chiefly  by  its  larger  size  (abdomen  38-39  vs,  37,  hind  wing  38 
vs,  34  mm.) 
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138.  Dorocordttlia  errans  sp.  nov. 
(Platk  vii,  no.  131.  ) 

c?.  Head  lost  (replaced  by  that  of  some  Libelluline). 

Thorax  metallic-green  with  some  pale  brown  on  the  sutures  and  on 
the  pectus. 

Abdomen  in  dorsal  view  narrowing  very  gradually  from  2  (2.2 
mm.)  to  the  base  of  5  (1.2  mm.),  thence  widening  to  the  base  of  8 
(3  mm.),  thence  narrowing  to  the  hind  end  of  io  (1.2  mm.)  ;  seg- 
ment  i  pale  brown,  dorsum  of  2-8  metallic-green,  bordered  on  each 
side  with  orange  for  the  entire  length  of  each  segment  above  the  lateral 
carina  ;  9  similar,  except  that  black  replaces  the  metallic-green,  io 
black,  with  a  small  orange  spot  on  each  side  at  its  hind  end,  and  a  low 
mid -dorsal  carina.  Ventral  sideof  3-10  blackish,  the  extreme  inferior 
edges  of  the  tergites,  where  they  underlap  the  stemites,  yellowish. 

Superior  appendages  not  quite  as  long  as  g  +  io,  dark  brown,  sub- 
cylindrical,  slightly  enlarged  in  the  proximal  fourth  and  in  the  distai 
third  chiefly  on  the  outer  and  lower  surfaces,  apex  rounded^  not  at  ah 
acutCf  lower  surface  bordered  externally  with  a  carina,  which  at  the 
extreme  base  forms  a  slight  convexity,  no  other  teeth  or  iubercUs, 

Inferior  appendage  almost  as  long  as  the  superiors,  blackish,  tri- 
angular  when  viewed  from  below,  much  attenuated  in  the  distai  third  ; 
apex  one-fourth  as  wide  as  base,  barely  excised,  slightly  upcurved. 

Wings  very  faintly  yellowish,  this  color  best  seen  in  the  anal 
triangle;  stigma  brown  (its  costai  edge  2  mm.  long),  many  of  the 
veìns  in  the  proximal  half  of  the  wing  pale  brown  or  yellow,  darker 
in  the  distai  half  and  near  the  hind  margin.  Venation  very  similar 
to  that  shown  in  Piate  XLII,  fig.  i,"  Proc.  U.  S.  Nat.  Mus.,  voi. 
xxvi,  by  Prof.  Needham,  even  to  the  anal  loop,  but  differing  in  that 
the  front  wings  bave  the  internai  triangle  divided  into  two  cells  by  a 
perpendicular  vein  and  two  rows  of  posttriangular  cells  not  interrupted 
by  three  cells  just  proximal  to  the  level  of  the  nodus.  The  agree- 
ment with  this  figure  is  indeed  better  than  with  that  of  D.  libera 
given  by  M.  Martin  (Coli.  Zool.  Selys,  Cordulin.  p.  35,  fig.  39). 
We  may  add  that  the  front  wings  bave  7-8  antenodals,  6  postnodals  ; 
the  hind  wings  5  aiitenodals,  7-8  postnodals. 

«This  is  the  figure,  erroneously  labeied  2A  Neocardulia  androgynis  in  the  ex- 
planation  of  that  piate,  to  which  attention  is  called  in  the  footnote  to  page  223  of  the 
present  memoir. 
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Abdomen  30,  hind  wing  29  mm. 

9  unknown. 

Habitat  :  —  Brazil,  Chapada,  prcsumably  by  H.  H.  Smith,  i  d* 
numbered  8.     Museum  of  Comparative  ZoSlogy,  Cambridge,  Mass. 

This  specimen  was  once  examined  by  Prof.  Needham,  as  it  bears  a 
label  in  his  handwriting  **  ^^zx  Somatochlora  libera  Selys,*'  an  opinion 
with  which  I  thoroughly  agree.  It  difFers  from  libera  and  also  lepida 
Selys  in  the  shape  of  the  superior  appendages,  as  indicated  by  the 
italicized  portìons  of  the  above  description. 

It  is  surprising,  however,  to  find  what  appears  to  be  a  Dorocordulia 
in  southern  Brazil,  as  the  genus  has  not  hitherto  been  known  south  of 
Maryland.  There  is,  therefore,  ground  for  suspecting  that  the  local- 
ity-label  may  bave  been  roisplaced,  but  in  any  event  the  species  ap- 
pears to  be  undescribed  previously. 

139.    Somatochlora  villosa  Rambur. 

Somatochiùra  viihsa  Ris,  Hamburg.  Magai.  Sammeir.  Odon.,  p.  29.     1904.     Mar- 
tin, Coli.  Selys,  Cordulin.,   p.  20,  fig.  15.     1906. 

Habitat  :  —  Chile,  Baftos  de  Cauquenes,  i  e?  ;  Valparaiso,  i  ?  ; 
E.  C.  Reed.     U.  S.  National  Museum. 

LlBELLULINiE. 

140.   Libellula  herculea  Karsch. 

Libellula  herculea  Calvert,  Biol.  Ccntr.-Aracr.  Neurop.  p.  209,  1905. 

Habitat:  —  Colombia,  Don  Amo  and  Minca,  by  H.  H.  Smith, 
each  I  e?  in  July.     Carnegie  Museum,  Pittsburgh. 

Venezuela,  San  Julian,  July  20,  1900,  by  M.  W.  Lyon,  Jr.,  i  e?, 
I  9.     U.  S.  National  Museum. 

Paraguay,  Sapucay,  by  W.  T.  Foster,  December,  1899,  to  March, 
1900,  4  e?,  I  9.     U.  S.  National  Museum. 

Some  comparative  data  for  the  Sapucay  males  are  given  in  the 
*  Biologia  '  volume  quoted  above. 

141.   Zenithoptera  americana  Linnseus. 

Habitat: — Brazil,  Galhao,  February  7,  1908,  part  of  i  9  ;  Rio 
Sapon,  January  30,  1908,  i  9  ;  by  J.  D.  Haseman. 
Ucaryzal,  February,  by  H.  H.  Smith,  part  of  i  e?. 
Carnegie  Museum,  Pittsburgh. 
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142.    Ephidatia  longipes  Hagen. 

Ephidatia  longipes  Calvert,  Biol.  Ceotr.-Amer.  Neorop.  p.  216.     1906. 

Habitat:  —  Brazil,  Sete  I^goas  in  Minas  Geraes,  May  4,  1908,  by 
J.  D.  Haseman,  i  9.     Carnegie  Museum,  Pittsburgh. 

143.   Ephidatia  longipes  cubensis  Calvert. 

Ephidatia  longipes  cubensis  Calyert,  /.  e,  p.  216.     1906. 

Habitat  :  —  Bahamas,  New  Providence  Is. ,  vicinity  of  Nassau,  June 
28-July  I,  1904,  by  Alien,  Barbour,  and  Bryant,  i  9.  Museum  of 
Comparative  Zoology,  Cambridge,  Mass. 

Genus  Uraos  Rambur. 
Calvert,  Biol.  Centr.  - Amer.  Neurop.  pp.  199,  217.     1905,  1906. 

The  species  of  this  genus  known  to  me  maybe  distinguished  as 
follows  : 

A.  Ilind  wing  with  the  discoidal  triangle  free,  Tour  cubito-anal  cross-veins,  one  post- 
triaiigular  row  increasing  to  two  at,  or  a  little  distai  to,  the  level  of  separa - 
tion  of  M,+j  (==  prìncipal  sector  of  de  Selys)  from  M,  (= roedian  sector)  ; 
front  wing  with  two  cubito-anal  cross-veins,  three  posttriangular  cells 
followed  by  two  rows  increasing  to  three  rows  between  the  levels  of  sepa- 
ration  of  M|^,  from  the  bridge  and  of  the  nodus  ;  no  supra-triangular 
cross-veins  on  any  wing. 

B.  Ilind  wing  with  two  rows  of  cells  between  A,  and  the  hind  margin  at  the  level 

of  the  hind  angle  of  the  triangle  ;  wings  uncolored  ;  size  smaller  :  abd. 

^  23,  hind  wing  ^  27,  9? jiemensii, 

BB.  Hind  wings  with  three  rows  of  cells  between  A,  and  the  hind  margin  at 
the  level  of  the  hind  angle  of  the  triangle  ;  wings  (of  the  9  &^  least) 
brown  at  tips  into  the  level  of  the  distai  end  of  stigma  or  nearly  so, 
ovipositor  extremely  long  (3.7  mm.  from  the  hind  ventral  margin  of  8), 
projecting  3  mm.  beyond  the  hind  end  of  the  abdomen;  size  larger: 
abd.  9  (cxcl.  ovip.)  23.5-25.5,  hind  wing  9  33-35,  $ì 

otdpositrix. 
A  A.  Hind  wing  with  the  discoidal  triangle  cross-veined. 

C.  Hind  wing  with  one  posttriangular  row,  two  cells  between  A,  and  the  anal 

margin  ;  front  wings  with  not  more  than  two  posttriangular  rows  to 
the  level  of  the  nodus  ;  a  supratrìang^ular  cross-vein  and  4-6  cubito- 
anal  cross-veins  present  on  ali  wings. 
D.  Wings  uncolored  ;  abd.  ^  26,  9  24-25;  hind  wing  ^  31.5,  9  27.5- 

30  mm ovata, 

DD,  Wings  with  a  transverse  brown  band  from  nodus  to  proximal  end  of 

stigma;  abd.  $  25,  hind  wing  $  30  mm.  9  ? infumata, 

ce.  Hind  wing  with  two  posttriangular  rows,  3-4  cells  between  A,  and  the  anal 
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margin  ;  front  wings  with  three  posttrìangular  rows  for  at  least  part 

of  the  way  to  the  level  of  the  nodus  ;  tips  to  distai  halves  of  ali  wings 

brown. 

E.  Supratrìangular  cross-veins  absent  on  the  front  wings,  often  also  on  the 

hind  ;  front  wings  with  1-3  cubito-anal  cross-yeins  ;  TuWar  lamina 

projecting  i  mm.  or  less  beyond  the  hind  end  of  the  abdomen  ;  abdo- 

men  $  21-24,  9  22-23  i  ^^^^  mng  $  25-28,  9  25-28.5  mm. 

imbutm» 

EE.  Supratrìangular  cross-veins  present  on  ali  the  wings  ;  front  wings  with 

4-6  cubito-anal  cross-veins  ;  vuWar  lamina  projecting  2  mm.  beyond 

the  hind  end  of  the  abdomen  ;  abdomen  $  25-30,  9  23.5  ;  hind 

wing  ^  31-35»  9  29-33  mm fasiigia/a, 

144.   Uracis  siemensii  Kirby. 

Uracis  siemensii  Kirby,  Ann.  Mag.  Nat.  Hìst.  (6),  zix,  p.  605,  pi.  sii,  fig.  3.    1897. 

Habitat:  —  Brazil,  Para  Thayer  Expedi tion,  i  d^.  Museum  of 
Comparative  Zoology,  Cambridge,  Mass. 

145.   Uracis  oyipositriz  sp.  nov. 
(PlateIX,  fig.  145.) 

(Description  in  the  preceding  synopsis.) 

Habitat:  —  Brazil,  Chapada,  by  H.  H.  Smith,  3  ?,  part  of  i 
other  and  of  i  specimen,  some  numbered  1 7 1  by  the  collector.  Car- 
negie Museum,  Pittsburgh. 

146.   Uracis  ovata  sp.  nov. 

(Description  in  the  preceding  synopsis.) 

Habitat:  —  Brazil,  i  ?  without  further  locality,  Bahia,  ic?,  i  9  ; 
I  ?  without  locality-label.  Museum  of  Comparative  Zoòlogy,  Cam- 
bridge, Mass. 

147.  Uracis  infumata  Rambur. 

Habitat:  —  Brazil,  i  c?  with  no  further  locality,  Bahia  i  e?. 
Museum  of  Comparative  Zoology,  Cambridge,  Mass. 

148.  Uracis  imbttta  Burmeister. 

Uracis  imbuta  Calvert,  Biol.   Centr.-Amer.   Neurop.   pp.  218,  402,   pi.  ix,  fig.  6. 
1906,  1907. 

Habitat: — Colombia,  Bonda,  October,  i  J». 
Brazil,  Para,  August,  i  e?;  Chapada,  io  e?,  6  ?. 
Ali  by  H.  H.  Smith,  Carnegie  Museum,  Pittsburgh. 
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149.   Uracis  fastigiata  Bunneister. 

Uracis  fastigiata  CaWert,  Biol.  Ccntr.-Amer.  Neurop.  pp.  219,  402,  pi.  ix,  figs.  7, 
8.     1906,  1907. 

Habitat:  —  Colombia,  Don  Diego,  by  H.  H.  Smith,  i  e?.  Car- 
negie  Museum,  Pittsburgh. 

150.   Tholymls  citrina  Hagen. 

TTtofymis  citrina  Calyert,  Biol.  Centr.-Amer.  Neurop.  p.  220,  pi.  ix,  figs.  9-1 1. 
1906. 

Habitat:  —  Colombia,  Bonda,  by  H.  H.  Smith,  2  cf,  i  ?.  Car- 
ncgie  Museum,  Pittsburgh. 

MlCRATHYRIA. 

The  following,  modeled  after  the  less  extensive  but  more  detailed 
synopsis  of  the  Mexican  and  Central  American  species,  in  the  Bio- 
logia Centrali -Americana,  Neuroptera,  pages  221-223,  shows  the  grad- 
uai reduction  (or,  if  preferred,  and  the  table  be  read  backward,  the 
graduai  increase)  in  density  of  the  venation.  It  does  not  pretend 
to  include  ali  of  the  known  South  American  species,  but  only  those 
treated  in  this  paper.  As  was  pointed  out  in  the  wrork  cited,  these 
venational  characters  are  subject  to  more,  (e.  g.^  M,  didyma  hypo- 
didyma^y  or  less  variation,  so  that  specific  identifìcations  can  not  be 
based  on  them  alone  ;  but  reference  should  always  be  made  to  the 
structure  of  the  genitalia  and  abdominal  appendages  of  the  males,  and 
the  vulvar  lamina  and  gonapophyses  of  segment  9  of  the  females. 
On  resemblances  in  these  structures  bave  been  erected  the  subspecies 
of  M,  didyma  and  of  M.  ocellata^  in  spite  of  the  venational  differences. 

Synopsis  of  Venational  Characters  of  some  South  American  Species,*^ 

A.  Number  of  cells  between  the  hind  angle  of  the  triangle  and  vein  A,  immediately 
opposite  that  angle  on  the  hind  wing  two, 
A.   I.  Internai  triangle  of  the  front  wing  3-celled. 
B.   Discoidal  triangle  of  the  front  wing  2-celled. 

C.  Posttriangular  field  of  the  hind  wing  with  no  single  celi  reaching 
from  M^(=  short  sector  of  de  Selys)  to  Cuj  (= upper  sector  of 
the  inwà^eì),,, didyma t  some  didyma  hypodidyma^  dythemoides, 
ce.  Posttriangular  field  of  the  hind  wing  with  at  least  one  celi  reach- 
ing from  M4  to  C, atra. 

BB.  Discoidal  triangle  of  the  front  wing  free. 

"The  letters  preceding  certain  rubrics,  as  A,  B,  C,  etc,  are  employed  to  indicate 
similar  rubrics  in  the  table  in  the  Biologia. 
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BB.   I.  Posttrìangrular  field  of  the  hind  wing  with  no  single  celi  reach- 

ing  fix)m  M^  to  Cu, Most  didyma  hypodidymay  spini/era, 

BB.  2.  Posttriangular  field  of  the  hind  wing  with  at  least  one  celi 

reaching  ftom  M^  to  Cu, ocellata, 

A.  2.  Internai  triangle  of  the  front  wing  2-celled;  discoidal  trìangle  of  the 
front  wing  free. 
Posttriangular  field  of  the  hind  wing  with  no  single  celi  reaching  from  M^ 

to  Cu, didyma  laevigata» 

Posttriangular  field  of  the  hind  wing  with  at  least  one  celi  reaching  from 

M4  to  Cu, ocellata  dentiens, 

A.  3.  Internai  and  discoidal  triangles  of  the  fi'ont  wing  free,  posttriangular  field 

'of  the  hind  wing  with  at  least  one  wing  reaching  from  M^  to  Cìiy,,.catenata. 

A  A.  Number  of  cells  between  the  hind  angle  of  the  triangle  and  yein  A,  immediately 

opposite  that  angle  on  the  hind  wing  one;  at  least  one  celi  reaching  from  M^ 

to  Cu,  on  the  same  wing. 

Discoidal  triangle  of  the  front  wing  2-celled,  internai  trìangle  3-celled. 

otAenais. 
Discoidal  trìangle  of  the  front  wing  free. 

E.  Internai  trìangle  of  the  front  wing  3-celIed. 

[^scAumanni  of  Mexico  &  Central  Amerìca]. 

EE.  Internai  triangle  of  the  front  wing  2celled longifasciata, 

EE.  Internai  trìangle  of  the  front  wing  free. 

The  two  posttrìangular  rows  of  the  front  wing  increase  to  three  at  the 

level  of  the  first  postnodal macrocerds. 

The  two  posttrìangular  rows  of  the  front  wing  increase  to  three  distai  to 
the  level  of  the  first  postnodal tibialis^  eximia. 

151.   Micrathyria  didyma  hjrpodidyma  Cai vert. 

Mùrathyria  didyma  hypodidyma  Calvert,  Biol.  Centr.-Amer.  Neurop.  p.  224,  foot- 

note.     1906. 
Micrathyria  prota  Fdrster,  Entomologisches  Wochenblatt,  xxiv,  p.  153,  167.     1907. 

The  following  additional  material  is  at  hand. 

Habitat:  —  Brazil,  Rio  Grande  do  Sul,  2  e?,  i  ?.  Rio  de 
Janeiro,  January,  2  e?  and  part  of  i  cf ,  November  part  of  i  d*,  un- 
dated  2  e?  and  part  of  i  e?,  i  ?  ;  H.  H.  Smith.  Muniz  Freire, 
Espiritu  Santo,  June  19,  1908,  i  e?  ;  J.  D.  Haseman. 

Paraguay,  Rio  Parana,  below  Rosario,  December  18,  i  ?  ;  H.  H. 
Smith.     Ali  in  the  Carnegie  Museum,  Pittsburgh. 

These  specimens  show  considerable  variation  in  the  venatìon. 
Therc  is  only  one  celi  between  the  hind  angle  of  the  triangle  and 
A,  immediately  opposite  that  angle  in  both  hind  wings  of  i  e?*  R.  G. 
do  Sul,  and  in  one  hind  wing  of  i  e?  of  R.  d.  Janeiro.  The  internai 
triangle  of  the  front  wings  is  two-celled  in  one  wing  each  of  i  e?  R. 
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G.  d.  Sul  and  i  cf  R.  d.  Janeiro.  The  discoi  dal  triangle  of  the  front 
wings  is  free  in  both  wings  of  i  c^  R.  G.  d.  Sul  and  one  wing 
female  R.  G.  d.  Sul  ;  both  wings  of  6  e?,  i  9  and  one  wing  of 
I  e?  R.  d.  Janeiro  ;  both  wings  of  i  9  R.  Parana  ;  or  20  front  wings 
out  of  26,  the  remaining  6  having  this  triangle  two-cclled.  There  is 
at  least  one  single  celi  reaching  from  M^  to  C^  on  one  hind  wing  each 
of  I  e?  R.  G.  d.  Sul  and  of  i  9  R.  Parana. 

152.  Micrathyrìa  didyma  laevigata  subsp.  nov. 

e?.  Agrees  with  didyma  type  in  size  and  in  the  absence  of  pointed 
tubercles  on  the  ventral  surface  of  abdominal  segment  i.  Agrees 
with  didyma  hypodidyma  in  having  '*  the  brown  stripes  on  the  first  and 
second  latenti  thoracic  sutures  so  widened  that  their  adjacent  edges 
coalesce  almost  completely,  thus  forraing  one  .  .  .  brown  stripe," 
I  mm.  Wide,  "enclosing  a  green  vitta  inferiorly,"  the  external  or 
anterior  haraular  branch  **  extending  forward  only  to  the  level  of  (and 
not  anterior  to)  the  front  edge  of  the  anterior  lamina.  '*  The  superior 
appendages  are  intermediate  between  those  of  didyma  type  and  didyma 
hypodidyma,  being  less  robust  than  those  of  the  first,  more  robust  than 
those  of  the  second,  as  well  as  being  intermediate  in  the  tendency  to 
form  a  tooth  at  the  last  inferior  denticle.  There  is  also  the  venational 
difference  stated  in  the  table  at  the  head  of  the  genus  in  this  paper. 

Front  wings  with  12  antenodals,  9-10  postnodals,  two  posttriangular 
rows  increasing  to  three  at  the  level  of  the  penultimate  antenodal. 
Hind  wings  with  8-9  antenodals,  9-10  postnodals,  two  posttriangular 
rows  increasing  to  three  at  the  level  of  the  separation  of  M,. 

9.  Here  I  also  place  individuai  from  Corumbà,  in  spi  te  of  the  very 
different  locality  from  which  they  come,  because  they  agree  with  the 
preceding  male  in  the  color  character  stated,  and  in  the  venational 
characters  of  the  table  at  the  head  of  this  genus,  page  229,  as  well  as 
with  the  structural  female  characters  of  didyma. 

Front  wings  with  10-12  (ii)  antenodals,  7-9  (8)  postnodals  ;  hind 
wings  with  8-9  (8)  antenodals,  7-9  (8)  postnodals.  Posttriangular 
rows  as  above  stated  for  the  male,  although  the  point  of  increase  from 
two  to  three  rows  varies  slightly.  The  only  variation  from  the  vena- 
tional characters  of  the  table  of  page  229  is  that  one  female  has  the 
internai  triangle  of  the  left  front  wing  three-celled  instead  of  two-celled. 

Dimensions  :  Abdomen  e?  24.5,  9  21  ;  hind  wing  e?  29,  9  27-29  ; 
costai  edge  of  stigma,  front  wing,  e?  2.5,  9  2.5-2.8  mm. 


Digitized  by 


Google 


232  Annals  of  the  Carnegie  Museum. 

Habitat  :  —  Colombia,  Don  Diego  in  Department  of  Magdalena. 

Brazil,  Corumbày  in  Matto  Grosso,  May,  one  female  and  parts  of 
four  others. 

Ali  the  specimens  collected  by  H.  H.  Smith,  and  in  the  Carnegie 
Museum,  Pittsburgh. 

153.   Micrathyrìa  dythemoldes  sp.  nov. 

(PlATE  VII,  FIG.  135.) 

cT.  Face  and  lips  pale  greenish-yellow,  lateral  labial  lobes  with  a 
mesial  (inner)  black  margin,  one-sixth  as  wide  as|the  lobe  itself,  and  a 
narrower  anterior  black  margin  ;  free  edge  of  labrum  narrowly  black  ; 
frons  superiorly  and  vertex  metallic-blue  ;  occiput  brown  above,  pale 
green  behind,  with  a  median  vertical  brown  line  \  rear  of  head  black- 
ish-brown  with  two  yellowish  spots  behind  each  eye-margin. 

Hind  lobe  of  prothorax  slightly,  but  distinctly,  bilobed  in  dorsal 
view. 

Thoracic  dorsum  brown,  a  narrow  yellowish  antehumeral  stripe  on 
each  side,  distant  at  its  upper  end  (which  does  not  reach  a  transverse 
yellow  stripe  in  front  of  the  antealar  sinus)  from  its  fellow  of  the  op- 
posite  side  by  1.5  mm.,  and  at  its  lower  end  by  2.5  mm.  ;  the  above- 
mentioned  transverse  yellow  stripe  coniiuent  at  its  outer  (lateral)  end 
with  a  slightly  wider  complete  sinuous  yellow  humeral  stripe.  Sides 
of  the  thorax  predominantly  greenish-yellow  with  three  brown  stripes, 
decreasing  in  width  from  before  backward,  the  first  bordering  the 
humeral  suture  posteriorly,  the  second  on  the  obsolete  first  lateral 
suture,  the  third  on  the  second  lateral  suture  ;  none  of  these  three 
brown  stripes  forked,  or  anastomosi ng  with  each  other. 

Abdomen  predominantly  brown,  becoming  darker  posteriorly  ;  the 
following  greenish-yellow  :  most  of  i  and  2  ;  a  longitudinal  stripe  on 
each  side  of  the  dorsum  of  3-7,  reaching  from  the  anterior  end  of 
each  to  nearly  the  entire  length  of  3  ;  half  of  4,  one-third  of  5  and 
less  of  6  and  two-thirds  of  7,  less  than  half  as  wide  as  the  side  of  the 
dorsum  on  which  it  lies  on  3-6  but  on  7  so  widened  as  to  cover  three- 
fourths  of  the  width  and  to  be  separated  from  its  fellow  of  the  opposite 
side  by  the  mid-dorsal  carina  only. 

Superior  appendages  broken,  brown.  Inferior  appendage  slightly 
longer  than  9  -f  io  (=  1.6  mm.),  triangular,  itsapex  one-fifth  as  wide 
as  its  base. 
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Anterior  lamina  deeply  bilobed,  lobes  separated  by  an  interval  more 
than  half  as  wide  as  each  lobe,  apices  not  widened,  truncate,  almost 
smoothy  equally  as  prominent  as  the  inner  branch  of  the  two-branched 
hamule.  Inner  (posterior)  branch  of  this  latter,  acute,  termìnating 
in  a  hook  directed  caudad  and  laterad  ;  outer  (anterior)  branch  appar- 
ently  more  prominent,  badly  damaged.  Genital  lobe  less  prominent 
than  the  other  two  parts,  wider  than  long. 

Legs  blackish-brown,  first  femora  green  inferiorly. 

Wings  clear,  venation  dark  brown,  stigma  ochre-brown.  Front 
wings  faint  yellow  at  base  half-way  out  to  first  antenodal  and  cubito- 
anal  cross- vein  ;  1 2  antenodals,  gpostnodals;  three  posttriangular  cells, 
foUowed  by  two  rows  increasing  to  three  rows  at  the  level  of  the  last 
(left),  or  next  to  the  last  (right),  antenodal.  Hind  wings  yellow  at 
base  in  subcostai  area  half-way  to  first  antenodal,  in  cubi  tal  area  to  the 
cross-vein  (brownish  in  the  extreme  proximal  end  of  this  area),  thence 
in  the  anal  area  to  the  apex  of  the  membranule,  this  last  dark  grey, 
white  at  its  extreme  base;  8  antenodals,  9-10  postnodals,  two  post- 
triangular  rows  between  M^  and  CUj,  increasing  at  the  level  of  separa- 
tion  of  M,.     Other  venational  details  in  the  preceding  table. 

$ .  Differs  from  the  male  as  follows  :  face  and  lips  more  obscure,  pale 
bluish-olive,  where  the  male  is  greenish-yellow  ;  brown  of  thorax  with  a 
metallic-blue  reflection  evident  on  the  sides  in  the  male  ;  antehumeral 
yellow  strìpes  not  so  distant  at  their  lower  ends  (2  mm.  )  ;  yellow  stripe 
on  each  side  of  4  reaching  to  three-fourth's  length  and  on  5  to  half- 
length.  Appendages  brown,  as  long  as  9,  more  than  twice  as  long  as 
I  o  ;  apex  acute  ;  1 1  (anal  tubercle)  more  than  half  as  long  as  the  append- 
ages. Vulvar  laminare  aching  to  two-fifthsof  the  lateral  margin  of  9, 
bilobed  in  its  apical  third,  lobes  broad,  rounded,  not  reaching  the  style- 
like  processes  on  the  stemum  of  9,  which  are  about  one-sixth  as  long  as 
the  lateral  margin.  Apices  of  the  wings  in  to  the  distai  end  of  the  stigma 
pale  brown.  Front  wings  with  lo-ii  antenodals,  7-8  postnodals; 
the  two  posttriangular  rows  increasing  to  three  rows  at  the  level  of  the 
penultimate  antenodal  ;  hind  wings  with  the  yellow  of  the  subcostai 
area  reaching  out  to  the  first  antenodal,  that  of  the  cubital  area  not 
brown  proximally. 

Abdomen  e?  28.5?,  9  24,  hind  wing  J^  33*  5>  ?  3o>  costai  edge 
of  stigma,  front  wing  cf  2.8,  ?  3  mm. 

Habitat:  —  Surinam,  i  9,  Paramaribo  by  Thorey,  i  e?.  Museum 
of  Comparative  Zoology,  Cambridge,  Mass. 
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The  abdomen  wìdens  but  slightly  and  very  gradually  from  the  base 
of  the  third  to  the  ninth  segment,  the  latter  1.3  mm.  wide,  in  the 
male,  1.5  mm.  in  the  Temale.  This  feature,  the  colors,  and  the  nar- 
row  pale  antehumeral  stripes  give  this  insect  a  marked  resemblance  to 
the  forms  oi  Dythemis  velox  and  have  suggested  the  specifìc  name 
proposed. 

154.   Micrathyria  atra  Martin. 

Micrathyria  atra  Calvert.  Biol.  Centr.-Amer.  Neurop.,  p.  225,  pi.  ix,  fìgs.  13-15. 
1906. 

Habitat  :  —  Brazil,  Rio  do  Janeiro,  by  H.  H.  Smith,  i  J*.  Car- 
negie Museum,  Pittsburgh. 

This  male  has  no  single  celi  reaching  from  M^  to  Cu^  on  the  left 
hind  wing. 

155.   Micrathyria  spinifera  sp.  nov. 

(PlatkVII,  fig.  134.) 

c?.  Face  and  lips  yellowish,  becoming  brownish  with  faint  me- 
tallic-blue  reflection  on  the  upper  surface  of  the  frons;  lateral 
labial  lobes  narrowly  margined  with  blackish-brown  mesially  and 
anteriorly,  free  margin  of  labrum  narrowly  black  in  the  middle,  ver- 
tex  brown  with  metallic-blue  reflection  ;  occiput  brown,  yellow  behind. 

Hind  lobe  of  prothorax  viewed  from  behind  slightly,  but  distinctly, 
bilobed,  hearing  a  row  of  long  pale  hairs. 

Thoracic  dorsum  dark  brown  with  a  metallic  blue-green  reflection, 
a  very  narrow  pale  green  antehumeral  stripe  reaching  three-fifths  of  the 
way  to  the  antealar  sinus,  parallel  with  the  mid-dorsal  carina  and  its  fel- 
low  of  the  opposi  te  side.  Immediately  in  front  of  the  green  black- 
margined  antealar  sinus  is  a  very  fine  isolated  transverse  pale  green 
stripe.  A  pale  green  sinuous  humeral  stripe  widening  inward  (mesad) 
at  its  lower  half  and  confluen't  with  the  lower  end  of  the  above-de- 
scribed  antehumeral  stripe.  Sides  of  the  *thorax  predominantly  pale 
green  with  the  foUowing  dark  brown  stripes  :  one  bordering  the  hu- 
meral suture  posteriorly  and  enlarged  in  its  upper  half  into  a  spot 
three  times  as  wide  as  its  lower  half;  a  stripe  on  the  obsolete  first 
lateral  suture  and  one  on  the  second  lateral  suture,  anastomosing  with 
each  other  at  the  metastigma  and  again  a  short  distance  below  the 
metastigma  ;  the  former  also  confluent  with  the  posthumeral  brown 
stripe  at  the  lower  end  of  the  mesepimeron. 

Abdomen  narrowed  at  the  base  of  segment  3  to  6  mm.,  thence 
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widening  to  the  base  of  8  (3.-5  mm.),  thence  narrowìng  to  io  (1.2 
mm.),  blackish,  the  following  pale  green  or  yellow:  the  sides  of  i  ; 
a  basai  dorsal  spot  on  2  ;  a  stripe  or  spot  on  each  side  of  3-7,  begin- 
ning  at  the  anterior  end  of  each  segment,  and  reaching  to  one-third  of 
3,  to  a  shorter  distance  on  5-6,  and  to  one-half  of  7  ;  each  of  these 
stripes  or  spots  on  3-7  is  about  half  as  wìde  as  the  half  of  the  dorsum, 
on  whìch  it  lies. 

Superior  appendages  black,  subequal  to  9  +  io,  in  dorsal  view  fusi- 
form,  with  acute  apices  converging  toward  each  other  ;  in  profìle  view 
directed  somewhat  vei)trad  as  well  as  caudad  in  the  proximal  two- 
thirdsy  upward  in  the  distai  third,  with  an  inferior  tooth  at  two-thirds 
length,  proximal  side  of  this  tooth  sloping  very  gradually  and  hearing 
about  six  denticles  ;  distai  side  of  tooth  forming  an  angle  of  about  100^ 
with  the  appendage,  the  apex  of  which  is  an  acute  spine. 

Inferior  appendage  about  five-sixths  as  long  as  the  superior  ;  viewed 
from  below  its  distai  half  is  much  narrower  (about  half)  than  the 
proximal  half,  apex  slightly  emarginate. 

Anterior  lamina  not  developed  (unless  it  be  represented  by  a  pair  of 
slender  short  fìnger-like  processes  near  the  middle  line  of  the  front  part 
of  ségment  2);  its  place  supplied  by  the  first  abdominal  segment,  which 
is  produced  ventrad  much  more  than  usuai  and  at  first  sight  appears 
to  be  the  true  lamina.  Hamule  complicated,  in  profìle  view  longer 
antero-posteriorly  than  high,  at  its  anterior  end  with  two  acute  spine- 
like  processes,  both  directed  somewhat  forward  (cephalad),  one  di- 
rected ventrad,  the  other  dorsad  and  apparently  applied  against  one  of 
the  fìnger-like  representatives  (?)  of  the  anterior  lamina  ;  at  its  hind 
end  the  hamule  has  a  slender  curved  process  applied  against  its  fellow 
of  the  opposite  side  and  directed  caudad,  laterad,  and  slightly  dorsad  ; 
this  last  process  is  the  most  prominent  part  of  the  hamule  in  profìle 
view.  In  ventral  view  the  right  and  left  hamules  enclose  a  somewhat 
elongated  opening  closed  before  and  behind  ;  the  ventral  surface  of 
each  hamule  is  grooved  for  its  entire  length.  Genital  lobe  produced 
vertically,  so  as  to  be  subequally  as  prominent  as  the  posterior  hamular 
process,  narrowing  to  its  rounded  apex  chiefly  on  its  posterior  side. 

Legs  blackish. 

Wings  pale  dirty  yellow,  slightly  more  intense  along  the  anterior 
margins,  hardly  darker  at  the  bases.  Venation  and  stigmata  dark 
brown  or  black,  membranule  brown.  Front  wings  with  lo-ii  ante- 
nodals,  8-9  postnodals,  two  posttriangular  rows  increasing  to  three  a 
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little  distai  to  the  level  of  the  nodus.  Hind  wings  with  7-8  ante- 
nodals,  9  postnodals,  two  posttriangular  rows  increasing  to  three  near 
the  level  of  separation  of  M,.  Other  venational  details  in  the  pre- 
cedi ng  table. 

Abdomen  (segment  4  lost)  28  ?,  hind  wing  27,  costai  edge  of  stigma, 
front  wing,  2.5  mm. 

?  Unknown. 

Habitat:  Surinam,  i  d*,  Thorey.  Museum  of  Comparative  Zoól- 
ogy,  Cambridge,  Mass. 

The  specifìc  name  proposed  refers  to  the  structure  of  the  genital 
hamule,  which  is  very  distinctive. 

156.  Micrathyria  oscellata  dentiens,  subsp.  nov. 

(Plate  vii,  fig.  130.) 

cT  ?  Brown  stripe  on  the  first  lateral  thoracic  suture  forked  in  its 
upper  half,  brown  metepimeral  stripe  ninni  ng  off  from  near  the  lower 
end  of  the  second  lateral  suture  and  reaching  to  the  posterior  margin 
of  the  sclerite.  Pale  green  antehumeral  stripes  not  reaching  to  the 
transverse  green  stripe  in  front  of  the  antealar  sinus. 

e?  Abdominal  segments  3-6  with  a  longitudinal  yellow  stripe  on  each 
side  reaching  from  the  base  of  each  segment  to  more  than  half  its 
length,  although  interrupted  more  or  less  by  the  transverse  additional 
carina  (3),  or  suture  (4-6),  the  part  behind  always  narrower  than  that 
in  front  of  the  carina  or  suture,  or  these  stripes  entirely  absent  from  6. 

Superior  appendages  with  the  proximal  inferior  tooth  situated  nearer 
to  the  middle  than  two-fìfths  length,  more  prominent  than  the  distai 
tooth  and  more  prominent  than  in  the  type  of  ocellata  from  Ecuador 
or  than  in  the  Central  American  race  of  this  species. 

e??.  Front  wings  with  8-9  (8)  e?,  7-9  ?  antenodals,  hind  wings 
with  6  e?  9  ;  yellowish-brown  on  the  base  of  the  latter  reaching  to  the 
cubito-anal  («  submedian,  de  Selys)  cross-vein,  or  not  so  far.  Tips 
of  ali  the  wings  uncolored. 

Atdomen  d*  21.5-23,  ?  19-20.5;  hind  wing  e?  23.5-25.5,  9 
25-26  ;  costai  edge  of  stigma,  front  wing,  e?  2-2.2,  9  2.3-2.6  mm. 

Habitat  :  —  Brazil,  Bom  Fim,  November  2,  1907,  2  d*,  and  Bar- 
reiras,  January  4,  1908,  i  d*,  in  the  State  of  Bahia;  Muniz  Freire, 
Espiritu  Santo,  June  17,  1908,  2  9-  AH  by  J.  D.  Haseman.  Car- 
negie Museum,  Pittsburgh. 

This  subspecies  agrees  more  closely  with  the  Central  American 
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forni  ^  of  the  species  than  wìth  the  type  form  from  Ecuador  in  ali  of 
the  differences  separating  these  two  given  in  Biologia  Centrali -Ameri- 
cana, Neuroptera,  page  226.  Ocellctta  dentiens  differs  from  both  in 
the  greater  prominence  of  the  proximal  inferior  tooth  of  the  superior 
appendages  and  from  ocellata  quicha  in  the  brown  stripes  of  the  sides 
of  the  thorax  beìng  wider  than  shown  in  B.  C.-A.  Neur.  pi.  IX,  fig.  22. 
The  rìght  front  wing  of  one  male  from  Bom  Fim,  and  both  front 
wings  of  one  female  from  Muniz  Freire  have  the  internai  triangle 
three-celled.  Otherwise  ali  five  specimens  agree  with  the  venational 
features  given  in  the  table  on  page  229. 

157.  Micrathjrria  catenatasp.  nov. 

e?.  Lips  yellow,  free  margin  of  labrum,  inner  (mesial)  margins  of 
latenti  labial  lobes,  and  a  median  stripe  on  the  middle  lobes  blackish. 
Frons  and  clypeus  pale  green,  the  former  metallic-blue  superiorly  and 
extending  down  on  to  the  anterior  surface  in  the  middle  line,  but  not 
on  the  sides.     Vertex  metallic-blue,  its  tip  yellow. 

Thorax  chiefly  blackish-brown,  the  following  pale  green  :  a  narrow 
stripe  on  each  side  of  the  mid-dorsal  carina,  each  confluent  superiorly 
with  a  transverse  green  stripe  immediately  in  front  of  the  antealar  sinus 
(which  also  is  green),  thus  forming  an  inverted  L  ;  a  narrow  ante- 
humeral  stripe  extending  from  the  anterior  mesepisternal  margin  half- 
way  up  toward  the  antealar  sinus  ;  a  wider,  sinuous,  indistinct,  broken 
humeral  stripe  ;  a  stili  wider  mesepimeral  stripe  and  one  in  front  of  the 
second  lateral  thoracic  suture,  both  of  which  are  intemipted  a  little 
above  mid-height,  and  are  narrower  above  the  interruption  ;  a  met- 
epimeral  stripe  bordering  the  latero-ventral  suture  and  nearly  half  as 
Wide  as  its  sclerite. 

Abdomen  narrowed  from  2  to  the  base  of  4,  thence  widening  grad- 
ually  to  the  hind  end  of  7  (2  mm.),  thence  narrowing  to  io,  blackish  ; 
a  pale  green  stripe  on  each  side  of  the  dorsum  of  3-6,  half  as  wide  (or 
less)  as  the  side  of  the  dorsum  on  which  it  lies,  interrupted  on  each 
segment  by  the  additional  transverse  carina  or  suture,  and  reaching 
back  to  at  least  half  the  length  of  each  segment.  7  with  a  large  green 
spot  on  each  side,  separated  from  its  fellow  of  the  opposite  side  by  a 
dark  interval  one-third  its  own  width,  reaching  from  anterior  end  to 
four-fìfths  of  the  length  of  the  segment. 

Superior  appendages  in  dorsal  view  as  long  as  9  +  io,  black,  slen- 

^  For  which  the  name  Micrathyria  ocellata  quicha  (from  that  of  a  human  trìbe) 
may  he  suggested. 
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der,  approximated,  converging  by  a  slight  curve  throughout,  with  very 
acute  spine-like  apices  ;  in  profìle  view  thickest  at  two-thirds  length, 
where  the  inferì  or  surface  bears  a  small  tooth,  from  which  runs  forward 
a  row  of  denticles  along  the  outer  edge  of  the  inferior  surface  to  within 
one-third  of  the  appendage-length  ;  distai  third  of  the  appendage 
directed  upward,  apex  very  acute. 

Inferior  appendage  reaching  to  three-fourths  of  the  length  of  the 
superìors  ;  in  ventral  view  its  distai  two-fifths  is  strongly  contr^cted, 
apex  one-fourth  as  wide  as  the  base. 

Anterior  lamina  slightly  more  prominent  than  any  other  of  the  gen- 
italia  of  segment  2,  its  apex  entire,  slightly  convex  when  viewed  from 
in  front.  Hamule  hook-like,  directed  caudad,  more  prominent  than 
the  genital  lobe,  which  latter  is  wider  than  long. 

Wings  with  only  the  slightest  tinge  of  ochraceous  at  the  extreme 
bases,  on  the  hind  wings  greater,  but  reaching  only  one-third  way  out 
to  the  cubito-anal  cross-vein.  Front  wings  with  8  antenodals,  7  post- 
nodals,  two  postrìangular  rows  increasi ng  to  three  near  the  level  of  the 
nodus.  Hind  wings  with  6  antenodals,  8  postnodals.  Other  vena- 
tional  details  on  page  229. 

Abdomen  25,  hind  wing  24  mm. 

9  unknown. 

Habitat:  Brazil,  Minas  Geraes,  i  cf.  Museum  of  Comparative 
Zoology,  Cambridge,  Mass. 

158.  Micrathyria  athenais  sp.  nov. 

e?.  Lips  yellow,  free  labral  margin  narrowly  black  ;  submentum, 
mentum,  middle  labial  lobe,  inner  (mesial)  third,  or  more  of  lateral 
labial  lobes,  black.  Clypeus  and  inferior  margin  of  the  frons  pale 
green,  remainder  of  frons  and  vertex  metallic-blue. 

Thorax  and  abdomen  blackish,  pruinose  ;  indications  of  paler  color 
on  the  mesinfraepistemum.  Abdomen  narrowing  to  4,  thence  widen- 
ing  to  the  hind  end  of  7  as  usuai  in  this  genus. 

Superior  abdominal  appendages  as  long  as  9  +  io,  black,  in  dorsal 
view  nearly  straight,  converging,  apices  acute  ;  in  profile  view  directed 
downward  to  four-fifths*  length,  where  the  inferior  surface  bears  a 
small  tooth  the  proximal  side  of  which  bears  a  row  of  4-5  denticles, 
distai  fifth  directed  upward,  apex  acute.  Inferior  appendage  reaching 
to  nine-tenths  of  the  length  of  the  superiors,  its  apex  in  ventral  view 
one-fourth  as  wide  as  its  base. 
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Anterior  lamina  much  less  promìnent  than  either  of  the  other  two 
ordinarily  vìsible  genitalia  of  segment  2,  its  margin  entire.  Geni  tal 
hamule  subequally,  or  a  little  less  prominent  than  the  genital  lobe,  in 
profìle  view  resembling  that  of  M,  aqualis  in  being  wider  at  its  apex, 
in  ventral  view  its  outline  presents  the  form  of  a  U  the  outer  limb  of 
which  is  a  little  longer  than  the  inner,  the  convexity  of  the  U  being 
anterior.     Genital  lobe  wider  than  long. 

Wings  practically  uncolored  ;  under  a  lens  a  very  slight  trace  of 
ochraceous  is  visible  at  the  extreme  base  of  the  hind  pair. 

? .  Dififers  from  the  male  as  follows  :  frons  (except  the  inferior  mar- 
gin)  and  vertex  reddish-yellow  or  reddish-brown,  with  some  blue  re- 
flections.  Thoracic  dorsum  dark  brown,  a  mediai  greenish-yellow 
band,  one-fourth  to  two-fìfths  as  wide  as  either  mesepisternum,  con- 
ti nued  forward  on  the  prothorax  and  backward  over  the  interalar 
area.  Sides  of  the  thorax  brownish-yellow  ;  a  sinuous  line  on  the 
humeral  suture,  a  nearly  straight  stripe  on  the  second  lateral  suture, 
the  lower  half  of  the  metepisternum  (enclosing  a  round  yellow  spot), 
much  of  the  metepimeron,  and  the  pectus,  black.  Abdomen  yellow, 
becoming  brownish  posteriorly  ;  a  stripe  bordering  each  lateral  carina 
of  1-7,  the  mid-dorsal  carina  of  4-7,  a  transverse  line  on  the  hind 
ends  of  2-7,  most  of  8-10,  except  the  intersegmental  articulations  and 
a  linear  mark  on  each  side  of  the  dorsum  of  8,  black.  Appendages 
as  long  as  9,  three  times  as  long  as  io.  Vulvar  lamina  reaching  to 
the  middle  of  the  lateral  margin  of  9,  with  a  rather  shallow  median 
notch.  Style-like  process  of  9  apparently  lost.  Wings  slightly  ob- 
scured  throughout,  pale  ochraceous  in  the  subcostai  and  cubital  spaces, 
as  far  as  the  first  cross- vein  of  each. 

e??.  Front  wings  with  io  antedodals  (11  in  one  wing  of  i  e?  = 
5.5  per  cent,  e?),  hind  wings  with  7  (8  in  one  wing  of  i  e?  and  in 
one  wing  of  i  9).  The  only  variations  from  the  venational  features 
given  in  the  synopsis  on  page  229  are  that  no  one  celi  reaches  from 
M^  to  Cu,  on  the  hind  wings  in  two  wings  cf  and  two  wings  $  ;  and 
that  the  discoidal  triangle  is  free  in  the  front  wings  of  i  cT. 

Dimensions  :  abdomen  e?  23-26,  9  22.5  ;  hind  wing  e?  27-31,  9 
28-28.5  ™^^' 

Habitat  :  —  Brazil,  Chapada,  in  May,  by  H.  H.  Smith,  4  e?  and 
parts  of  2  cJ*,  I  9  and  part  of  i  other,  some  labeled,  ali  presumably 
from  the  same  locahty.     Camegie  Museum,  Pittsburgh. 

A  male  labeled  '*  Lib,  athenais  Selys  BrésiV^  inde  Selys'  hand  ;  2 
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e?  labeled  ^^ Beschke^^  and  **geruia,^^  Museum  of  Comparative 
Zoology,  Cambridge,  Mass.  These  latter  two  are  doubtless  the 
Dythemis  gerula  from  Nova  Friburgo,  Brazil,  of  Hagen's  List  of  South 
American  Neuroptera  in  his  Synopsis  of  1861,  page  317.  They  are 
younger  than  the  other  males,  and  have  an  orange  spot  on  each  side 
of  the  dorsum  of  abdominal  segment  7,  each  spot  about  three-fìfths  as 
long  and  half  as  wide  as  the  side  on  which  it  lies. 

159.   Micrathyria  longif asciata  sp.  nov. 

c^.  Lips  yellow,  mesial  margins  of  lateral  labial  lobes  narrowly 
black.  Clypeus  and  frons  pale  green,  the  latter  metallic-blue  above 
only  in  the  center  in  front  of  the  median  ocellus  for  a  width  of  i 
mm.  Vertex  metallic-blue.  Occiput  and  rear  of  head  shining  black, 
a  small  yellow  spot  and  streak  behind  each  eye. 

Thorax  brown,  or  dull  metallic-blue  or  -green  obscured  by  some 
pruinosity,  the  foUowing  pale  green  :  a  narrow  stripe  on  each  side  of, 
and  dose  to,  the  upper  half  of  the  mid-dorsal  carina,  confluent  above 
(or  not  confluent  —  Piedra  Bianca)  with  a  narrow  transverse  stripe  in 
front  of  the  antealar  sinus  ;  a  narrow  isolated  antehumeral  stripe  oc- 
cupying  the  middle  third  of  the  length  of  the  mesepistemum  (absent 
in  the  Piedra  Bianca  cf  )  ;  a  nearly  horizontal  band,  extending  from 
the  lower  part  of  the  mesepistemum  and  the  mesinfraepistemum  to 
the  base  of  the  abdomen  ;  the  average  width  of  this  band  is  slightly 
more  than  i  mm.,  its  upper  edge  is  markedly  zigzag  with  fìve  points 
or  '*  peaks  *'  ;  pectus.  Thorax  and  rear  of  the  head  with  many  pale 
hairs. 

Abdomen  narrowed  to  the  anterior  end  of  4,  thence  widened  to  the 
hind  end  of  7  (2.5  mm.),  thence  narrowed  to  io  ;  black,  pruinose  at 
base,  on  4  and  5  (and  perhaps  also  3  in  earlier  life)  ;  each  side  of  dorsum 
with  a  linear  yellowish  spot  at  base  and  a  yellowish  longitudinal  line  after 
the  transverse  accessory  suture  (the  line  absent  from  5  in  the  Piedra 
Bianca  e?)  ;  7  with  a  yellowish  spot  on  each  side  of  dorsum,  each  spot 
three-fifìhs  as  long  and  three-fìfths  as  wide  as  the  side  on  which  it  lies, 
and  separated  from  its  fellow  of  the  opposi  te  side  by  the  black  mid- 
dorsal  carina  only. 

Superior  appendages  a  little  longer  than  the  mid-dorsal  length  of  9, 
brown  in  the  proximal  three-fìfths,  pale  (green  ?)  in  the  distai  two- 
fìfths,  slender,  in  dorsal  view  slightly  thickened  at  base  and  at  two- 
thirds'  length,  apex  acute  ;  in  profìle  view  curved  gently  downward. 
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convex  above,  a  row  of  about  six  dentìcles  on  the  inferior  surface  in 
the  third  and  fourth  fifths  of  the  appendage-length  ;  following  the  last 
denticle  the  inferior  margin  ìs  obliquely  truncated  to  form  the  acute 
apex  ;  there  is  a  slight  infero-internal  denticle  immediately  after  the 
base. 

Inferior  appendage  reaching  to  slightly  beyond  the  level  of  the  last 
denticle  of  the  superiors,  in  ventral  view  its  apex  one-third  as  wide  as 
its  base. 

Genitalia  of  abd.  seg.  2  very  similar  to  those  of  M,  athenais  (see 
above). 

Legs  black,  coxae  yellowish,  first  femora  greenish  inferiorly  in  their 
proxiroal  half. 

Hind  wings  yellow  in  the  cubital  space  half-way  (or  ali  the  way  — 
Piedra  Bianca)  out  to  the  cross-vein  and  in  the  two  cells  immediately 
adjoining  the  grayish  membranule. 

9.  Differs  from  the  male  as  follows  :  metallic-blue  on  superior  sur- 
face of  frons  stili  more  reduced,  formi ng  a  small  triangular  spot  in 
front  of  the  median  ocellus  ;  reddish-brown  replacing  black  on  the 
occiput  and  rear  of  the  head  ;  pale  green  stripes  alongside  of  the  mid- 
dorsal  thoracic  carina  as  long  as  the  carina,  anastomosing  at  the  ante- 
rior  mesothoracic  margin  with  the  anterìor  (lower)  ends  of  the  longer 
antehumeral  stripe  and  of  the  almost  horizontal  band  ;  this  last  much 
less  definite  owing  to  the  predominance  of  pale  green  on  the  sides  of 
the  thoraxy  there  being  from  in  front  of  the  humeral  suture  only  the 
following  dark  markings  :  a  short  stripe  on  the  upper  parts  of  the 
humeral  and  second  lateral  sutures,  an  inverted  V-mark  on  the  upper 
half  of  the  mesepimeron,  a  triangular  spot  on  the  lower  end  of  the 
mesepimeron  and  of  the  metepimeron,  a  smaller  spot  on  the  metinfra- 
episternum.  Abdominal  segments  1-3  green,  their  sutures  and  carinse 
black  ;  4  and  5  as  in  the  male,  but  the  spot  and  stripe  wider  (half  as 
Wide  as  the  side  of  the  dorsum  on  which  they  lie)  and  the  stripe  reach- 
ing to  the  hind  end  of  each  segment  ;  6-10  lost.  Yellow  at  the  base 
of  the  hind  wings  reaching  distad  a  little  beyond  the  cubito-anal 
cross-vein,  apices  of  ali  the  wings  from  about  the  level  of  the  proximal 
end  of  the  stigma  faintly  brownish. 

e?  9 .  Front  wings  with  8-9  antenodals,  and  two  posttrìangular  rows 
increasing  to  three  between  the  levels  of  the  last  and  the  next  to  last 
antenodals.  Hind  wings  with  6  antenodals.  Ali  four  specimens  agree 
with  the  venational  features  given  in  the  synopsis  on  page  229. 
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Dimensions :  Abdomen  e?  33, 9  ?;  hind  wing  e?  23-26,  9  2511111). 

Habitat:  —  Brazil,  Cuyabà,  i  e?  (head  lacking);  Corumbà,  May, 
I  9  (abd.  segs.  6-10  lacking). 

Bolivia,  Piedra  Bianca,  Aprii,  i  e?  (abd.  segs.  6-10  lacking). 

Argentina,  Goya,  cast  side  of  the  Rio  Paranà,  December  22,  i  e?. 

Ali  four  specimens  by  H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 

The  Goya  male  is  the  type  of  the  species.  The  Piedra  Bianca  male 
is  the  smallest  of  its  sex. 

The  specifìc  name  proposed  refers  to  the  very  characteristic,  almost 
horizontal,  pale  green  band  of  the  sides  of  the  thorax. 

160.   Micrathyria  macrocercis  sp.  nov. 
(Piate  VII,  fig.  136.) 

c^.  Lips  yellow,  mesial  margins  of  lateral  labial  lobes  narrowly 
black.  Clypeus  and  frons  pale  green,  the  latter  with  a  small  superior 
triangular  brown  spot,  with  metallic-blue  reflections  in  front  of  the 
median  ocellus.  Vertex  metallic-blue.  Occiput  and  rear  of  head 
shining  black,  the  former  with  two  small  pale  green  posterior  spots. 

Thoracic  dorsum  dark  roetallic-green-brown,  the  dark  mid-dorsal 
carina  bordered  on'  each  side  with  a  pale  green  stripe,  one-fìfth  as  wide 
as  the  mesepisternum  on  which  it  lies,  and  confluent  above  with  a  nar- 
rower  transverse  stripe  in  front  of  each  antealar  sinus  ;  a  minute  iso- 
lated  antehumeral  green  line  on  the  center  of  the  sclerite.  Sides  of 
the  thorax  pale  green,  a  short  stripe  on  the  upper  halves  of  the  mese- 
pimeron,  metepistemum,  and  second  lateral  thoracic  suture,  a  spot 
above  the  metastigma,  one  on  the  lower  ends  of  the  mesepimeron  and 
of  the  metepimeron,  blackish. 

Abdomen  of  the  usuai  shape,  blackish,  2-7  with  a  stripe  on  each  side 
nearly  as  long  as  each  segment  (except  on  2  )  and  half  as  wide  as  the 
side  of  the  dorsum  on  which  it  lies,  pale  green  on  2  and  3,  almost 
orange  on  4-7. 

Siiperior  appendages  (1.8  mm.)  almost  as  long  as  8  +  9,  longer 
than  9  +  10,  very  slender,  in  dorsal  view  almost  straight,  pale  green 
in  the  middle,  brown  at  both  ends,  slightly  thickened  at  two-fìfths' 
length,  thence  gradually  tapering  to  the  very  acute  apices  ;  in  profìle 
view  gently  curved  downward,  so  that  the  upper  margin  is  concave,  but 
the  extreme  apex  more  strongly  decurved  ;  inferior  surface  at  two-fìfths' 
length  with  a  slight  tooth,  between  which  and  the  base  are  5-6 
denticles. 
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Inferior  appendage  half  as  long  as  the  superiors,  its  apex  in  ventral 
view  one-third  as  wide  as  its  base,  ochreous. 

Anterior  lamina  extremely  small,  hamule  and  genital  lobe  subequally 
prominente  the  former  bifìd,  outer  branch  longer. 

Wings  uncolored,  antenodals  of  ali  the  wings  and  some  adjoining 
cross-veins  pale  yellow,  much  of  the  remaining  venation  reddish, 
stigma  pale  yellow.  Front  wings  with  8  (7  in  one  wing)  antenodals, 
hind  wings  with  6. 

Abdomen  17.5,  hind  wing  18-18. 5  mm. 

9  unknown. 

Habitat:  —  Brazil,  Cachoeira,  i  cT,  no.  36;  Cuyabà,  i  e?  (abd. 
segs.  6-10  lost)  ;  both  by  H.  H.  Smith,  Carnegie  Museum,  Pitts- 
burgh. 

Paraguay,  Sapucay,  by  W.  T.  Poster,  November  i  e?,  December 
I  d*,  U.  S.  National  Museum. 

161.  Micrathyria  tibialls  Kirby. 

Micrathyria  tibialis  Kirby,  Ann.  Mag.  Nat.  Hist.  (6)  xiz,  p.  610,  pi.  ziii,  figs.  5,  6 
(entire  insecU  ^,  9).     1897. 

Habitat:  —  Brazil,  Bonito,  in  Pemambuco,  December  30,  1882, 
I  e?.     U.  S.  National  Museum. 

Rio  Grande  do  Sul,  i  9  ;  Uacaryzal,  i  e?,  i  9  ;  Cachoeira,  i  e? 
no.  51. 

Bolivia,  Piedra  Bianca,  Aprii,  i  c?i  i  9  and  parts  of  two  others. 

Paraguay,  Concepcion,  i  9. 

Ali  but  the  Bonito  cT  by  H.  H.  Smith.  Carnegie  Museum,  Pitts- 
burgh. 

162.  Micrathyria  exlmia  Kirby. 

Micrathyria  iximia  CaWert,  Biol.  Centr. -Amer.  Neurop.,  p.  230,  pi.  ix,  fìgs.  28-30 
(genit.,  apps.,  $  ^  ▼enation  9  )•     1906. 

Habitat  :  —  Brazil,  Cuyabà,  i  e?  ;  Chapada,  3  e?  and  part  of  i 
other,  no.  36  ;  Cachoeira,  i  d,  no.  52  ;  ali  by  H.  H.  Smith.  Carnegie 
Museum,  Pittsburgh. 

Minas  Geraes,  i  e?  ;  Rio  de  Janeiro,  by  Reinhardt,  i  9 .  Museum 
of  Comparative  Zoòlogy,  Cambridge,  Mass. 

163.  Nephepeltia  flavifrons  Karsch. 

Nephepeltia Jlavifrons  Calvert,  Biol.  Centr. -Amer.  Neurop.,  p.  230.     1906. 

Habitat:  —  Brazil,  Rio  Grande  do  Sul,  by  H.  H.  Smith,  i  9  and 
part  of  I  e?.     Carnegie  Museum,  Pittsburgh. 
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The  thorax  of  the  female  is  almost  entirely  yellow  ;  abdominal  seg- 
ments  6-10  are  a  little  wider  than  those  preceding. 

Agreeing  with  the  characters  given  here  and  in  the  text  quoted,  but 
of  smaller  size  (in  this  respect  closely  approaching  the  next  species), 
are  2  cT  from  Barreiras,  State  of  Bahia,  January  4,  1908,  by  J.  D. 
Haseman,  i  cJ*  from  Cuyabà  and  i  cT  (no.  42)  from  Cachoeira  by  H. 
H.  Smith.     Carnegie  Museum,  Pittsburgh. 

164.  Nephepeltia  aequisetls  sp.  nov. 

Trìangular  area  on  the  metasternum  with  only  a  small  tubercle  ; 
front  wing  with  one  celi  between  the  internai  triangle  and  hind  margin  ; 
third  tibia  of  the  male  with  the  spines  of  the  outer  and  inner  rows 
subequal  in  size  and  number  (10-13);  tooth  of  the  inferior  surface  of 
the  superior  appendages  at  three-fourths  of  the  appendage-length,  be- 
yond  which  tooth  the  remainder  of  the  appendage  is  hardly  curved 
upward,  but  tapers  to  an  acute  apex.  (In  N,  flavifrons  the  tooth  is  at 
mid-length,  the  distai  half  of  the  appendage  is  distinctly  curved  up- 
ward, and  remains  of  almost  the  same  thickness  to  the  short  spine, 
which  forms  the  apex).  Inferior  appendage  reaching  almost  to  the 
level  of  the  tips  of  superiors  (only  to  three-fourths  length  xn  flavifrons^, 
Both  sexes  have  the  abdomen  widened  in  segments  7-10. 

Dimensions  :  abdomen  cT  12-13. 5,  ?  ^2S~^3  *  ^^"d  wing  e?  15- 
•16,  9  15-17- 

Habitat: — 3razil,  Cuyabà,  11  cT,  11  ?  ;  Cachoeira,  i  e?,  2  9, 
no.  6.,  also  i  cT  "flooded  campos,"  January  26;  Chapada,  i  9  ; 
Corumbà,  Aprii,  3  d*,  3  9 . 

Bolivia,  Piedra  Bianca,  Aprii,  2,1 

Ali  by  H.  H.  Smith,  Carnegie  Museum,  Pittsburgh. 

165.  Orthemis  ferruginea  Fabricius. 

Orthemii  ferruginea  Calvert,  Biol.  Centr.-Amer.  Neurop.  pp.  234,  403,  pi.  iz, 
fig.  34.     1906,  1907. 

Habitat:  —  Colombia,  Bonda,  in  November,  by  H.  H.  Smith,  i  d*, 
I  9.     Carnegie  Museum,  Pittsburgh. 

Venezuela,  La  Guaira,  July  27,  1900,  by  Lyon  and  Robinson, 
IO  cT,  5  ?• 

Bolivia,  near  Coroico,  Yungaz,  May  31,  1899,  by  W.  J.  Gerhard, 
I  cf .     Academy  of  Naturai  Sciences,  Philadelphia. 

Brazil,  Victoria,  July  20,  1900,  by  A.  Hempel,  i  9.  Academy 
of  Naturai  Sciences,  Philadelphia. 
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Januarià,  in  Minas  Geraes,  December  12, 1907,  by  J.  D.  Haseman, 
I  cT.     Carnegie  Museum,  Pittsburgh. 

Paraguay,  Sapucay,  November  to  March,  by  W.  T.  Foster,  15  cf, 
7  9.     U.  S.  National  Museum. 

Bahamas,  Eleuthera,  Aprii  11-21,  1897,  by  C.  J.  Maynard, 
[November  14,  1890,  i  pair  in  coitu]  ;  New  Providence,  vicinity  of 
Nassau,  June  28-July  i,  1904,  by  Alien,  Barbour,  and  Bryant,  2  <?  ; 
Andros,  Mangrove  Gay,  August  i,  1904,  by  O.  Bryant,  2  d*;  Cat, 
Port  Hour,  [Nov.  21,  1890,  i  e?].  The  specimens  in  brackets  [] 
by  J.  P.  Moore  and  D.  J.  Bullock,  University  of  Pennsylvania  Ex- 
pedition  ;  the  others  in  the  Museum  of  Comparative  Zoòlogy. 

166.   Orthemis  aequilibris  sp.  nov. 

9.  Belonging  to  the  group  of  O.  ferruginea  and  sulphurata  (group 
A,  Biol.  Centr.-Amer.  Neurop.,  p.  232).  Labium  yellow,  with  a 
median  dark  brown  band  2-2.5  mm.  wide,  femora  and  tibiae  superiorly 
reddish-brown,  tip  of  wings  clear  or  smoky.  Sides  of  thorax  brown, 
somewhat  purplish  in  some,  with  two  horizontal  longitudinal  greenish 
or  greenish-yellow  bands;  the  upper  1-1.2  mm.  wide,  beginning  on 
the  upper  end  of  the  mesinfraepisternum  and  lower  end  of  the  mes- 
episternum  and  extending  to  the  upper  half  of  the  hind  margin  of  the 
metepimeron,  slightly  interrupted  at  the  humeral  and  second  latenti 
sutures  ;  from  the  band  a  short  slender  indistinct  stripe  runs  upward 
bordering  the  humeral  suture  anteriorly  \  the  lower  band,  .3-. 6  mm. 
wide,  borders  the  latero-ventral  metathoracic  carina  for  its  whole  length, 
and  is  continued  forward  to  the  base  of  the  second  leg  by  two  sepa- 
rated  larger  spots.  Mid-dorsal  thoracic  carina  and  a  narrow  con- 
tiguous  stripe  on  each  side  thereof  greenish-yellow,  the  whole  forming 
a  band  .8-1  mm.  wide.  Abdomen  moderately  stout,  2.7-3.5  ™™- 
wide  at  the  base  of  4,  this  segment  i  .4  times  as  long  as  wide.  Labrum 
orange,  free  margin,  and  a  transverse  (to  long  axis  of  body)  median 
mark  of  variable  length,  black. 

Abdomen  28-33,  ^^^^^^  wing  38-43  mm. 

(?.  Unknown. 

Habitat: — Surinam,  2  9.     U.  S.  National  Museum. 

Paramaribo,  by  Miss  Kate  Mayo,  2  9,  one  dated  December  18, 
1904.     Academy  of  Naturai  Sciences  of  Philadelphia. 

Venezuela,  i  9 .     U.  S.  National  Museum. 

Brazil,  Bom  Fim  in  Bahia,  November  3,  1907,  at  north  edge  of 
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town,  I  9  ;  Muniz  Freire,  in  Espiritu  Santo,  June  17,  1908,  i  9  i 
Sete  Lagoas,  in  Minas  Geraes,  May  4,  1908,  i  9  ;  ali  by  J.  D.  Hase- 
man.     Carnegie  Museum,  Pittsburgh. 

One  of  the  Paramaribo  examples  is  the  type. 

The  two  females  from  Surinam,  in  the  U.  S.  National  Museum,  are 
the  smallest,  and  bave  the  stigma  of  the  front  wings  only  5.5  mm. 
long,  which  is  less  than  the  dimensions  given  in  the  **  Biologia  '  '  volume 
quoted  for  group  A. 

167.  Orthemis  ambirufa  sp.  nov. 

cf.  Belonging  to  the  group  of  O.  levis  (group  CC,  Biol.  Centr.- 
Amer.  Neurop.,  p.  233).  Abdomen  stouter,  segment  4  being  2.8 
times  as  long  as  its  width  at  apex,  3.2  times  as  long  as  its  width  at 
base.  Labrum  reddish  ;  abdomen  reddish  ;  no  black  on  the  dorsum  of 
8-10.  Thorax  somewhat  faded,  its  color-pattern  very  similar  to  that 
figured  for  levis  (/.  ^.,  pi.  vili,  fig.  38),  difTering  chiefly  in  the 
absence  of  the  first  pale  antehumeral  stripe,  and  the  more  uniform 
width  of  the  pale  mesepimeral  stripe  (about  i  mm.  ).  Genitalia  of  the 
second  abd.  seg.  apparently  not  different. 

Abdomen  34,  hind  wing  38  mm. 

9  unknown. 

Habitat:  —  Brazil,  Chapada,  by  H.  H.  Smith,  i  e?.  Carnegie 
Museum,  Pittsburgh. 

168.  Orthemis  ambinlgra  sp  nov. 

cf.  Belonging  to  the  group,  of  O.  levis  (group  CC,  Biol.  Centr.- 
Amer.  Neurop.,  p.  233).  Abdominal  segment  4  three  times  as  long 
as  its  width  at  apex  ;  segments  8  and  9  with  a  mid-dorsal  black  band 
about  one-third  as  wide  as  8,  a  little  wider  on  9.  Labrum  black. 
Thorax  much  faded,  its  color-pattern  probably  similar  to  that  of  am- 
birufa. Genital  hamule  with  the  external  branch  wider  than  in  O, 
levis  or  in   O,   ambirufa,     (Cf.   Biol.   Centr.-Amer.  Neur.,  pi.  i«, 

fig-  39-) 

Abdomen  32,  hind  wing  35  mm. 
9  unknown. 

%Habitat:  —  Brazil,  Rio  de  Janeiro,  in  January,  by  H.  H.  Smith, 
T  e?.     Carnegie  Museum,  Pittsburgh. 

169.  Orthemis  cultriformis  Calvert. 

Orthemis  cultriformis  Calvert,  Biol.  Ccntr.-Amcr.,  Neurop.,  p.  239.     1906. 

Paraguay,  Sapucay,  by  W.  T.  Poster,  November  and  December, 
i^99>  7c?  3?-     U.  S.  National  Museum. 
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170.   CannaphUa  vibez  Hagen. 

Cannaphila  vibex  CaWert,  Biol.  Centr.-Amer.   Neurop.,  p.  243,  pi.  viii,  fig.  35. 
1906. 

Habitat:  —  Colombia,  Onaca,  August,  2  c^,  Dccember,  4  e?,  by 
H.  H.  Smith.     Carnegie  Museum^  Pittsburgh. 

Bolivia,  Chulumani,  November  28,  1898,  i  S\  and  January  5, 
1899,  I  ?,  by  W.  J.  Gerhard.  Academy  of  Naturai  Sciences  of 
Philadelphia. 

171.   Dasythemis  mincU  Karsch. 

{Cf,  Ris,  Deut.  Ent.  Zeitschr.  1908,  p.  528.) 

Habitat: — Brazil,  Rio  Grande  do  Sul,  by  H.  H.  Smith,  2  cf, 
2  9.     Carnegie  Museum,  Pittsburgh. 

172.   Dasythemis  venosa  Burmeister. 

Datythemis  venosa  Calvert,  Trans.  Amer.  Ent.  Soc.  xxv,  p.  58,  pi.  i,  fig.  7.     1898. 
Habitat:  —  Brazil,  Chapada,  by  H.  H.  Smith,  3  e?  and  parts  of 
IO  others;  3  ?  and  parts  of  3  others,  some  dated  May,  some  Decem- 
ber,  some  labelled  6,  19,  33,  or  44.     Carnegie  Museum,  Pittsburgh. 

173.  Anatya  normalis  Calvert. 

Anatya  normalis  Calv.,  Biol.  Centr.-Amer.  Neurop.,  p.  245.     1906. 

Habitat  :  —  Colombia,  Bonda,  August,  i  9  ;  Don  Diego,  not  dated, 
2  9,  by  H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 

1 74.  Anatya  guttata  Erichson. 

Anatya  guttata  Calvert,  /.  r.     1906. 

Habitat:  —  Brazil,  Chapada,  by  H.  H.  Smith,  4  e?  and  parts  of  4 
others  ;  6  9  and  parts  of  i  (or  5  ?)  others.  Carnegie  Museum, 
Pittsburgh. 

175.  Erythrodiplaz  umbrata  Linnaeus. 

Erythrodiplax  umbrata  Calv.,  Biol.  Centr.-Amer.  Neurop.,  p.  251.     1906. 

Habitat: — Colombia,  Bonda,  July,  i  9,  August,  5  cf,  6  9,  Sep- 
tember,  3  cT,  «9,  October,  id*,  i  9,  November,  2  9,'by  H.  H. 
Smith. 

Brazil,  Campo  Largo,  January  i,  1908,  i  cT,  i  9  ;  Urubù,  De- 
cember  8,  1907,  i  e?  ;  Boqueìraò,  January  7,  1908,  i  e?,  i9;  ali  in 
Bahia,  by  J.  D.  Haseman. 

Cachoeira  Cuyabà,  January  26,  i  cf  ;  Rio  de  Janeiro,  January,  i  9  ; 
by  H.  H.  Smith. 
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The  preceding  in  the  Carnegie  Museum,  Pittsburgh. 

Paraguay,  Sapucay,  by  W.  T.  Poster,  September,  1902,  4  e?,  De- 
cember,  1899  and  1903,  9  e?,  7  9,  January  to  March,  1900,  5  e?,  2  ?. 
U.  S.  National  Museum. 

Bahamas,  Strange  Gay,  July  14,  1904,  by  Alien,  Barbour,  and 
Bryant,  2  e?,  i  ?  and  i  homoeochromatic  ?.  New  Providence, 
vicinity  of  Nassau,  Junc  28-July  i,  1904,  by  the  same,  20?,  i  9. 
Andros,  Mangrove  Gay,  August  i,  1904,  by  O.  Bryant,  3  e?.  AH  in 
Museum  of  Comparative  Zoology,  Cambridge,  Mass. 

176.  Erythrodiplax  ochracea  Burmeister. 

Erythrodiplax  ochracea  Calv.,  /.  r.,  p   255.     1906. 

Habitat: — Brazil,  Barreiras,  in  Bahia,  January  4,  1908,  3  c?(2  9  ?); 
Saò  Joas  da  Barra  (near  Rio  Parahyba),  June  24,  1908,  i  cf  \  Ururahy, 
June  30,  1908,  I  c^;  by  J.  D.  Haseman.  Carnegie  Museum,  Pitts- 
burgh. 

Farther  south  this  species  appears  to  be  represented  by  smaller  indi- 
viduai, 3  cf,  6  9  (abdomen  e?  19,  9  17. 5  ;  hind  wing  e?  22,  9  21 
mm.)  from  Piedra  Bianca,  in  Bolivia,  by  H.  H.  Smith,  and  perhaps 
some  slightly  larger  (abd.  19,  h.  w.  22)  females  from  Concepcion, 
Paraguay,  by  the  same  collector,  also  belong  bere.  Carnegie  Mu- 
seum, Pittsburgh. 

177.  Erythrodiplax  erichsoni?  Kirby. 

Erythrodiplax  erichsoni  ?  Calv.,  /.  r.,  p.  256.     1906. 

Habitat:  —  Colombia,  Don  Diego,  2  e?. 

Brazil,  Rio  de  Janeiro,  in  November,  i  cf .  H.  H.  Smith.  Car- 
negie Museum,  Pittsburgh. 

178.  Erythrodiplax  venusta  Kirby. 

Micrathyria  venusta  Kirby,  Ann.   Mag.  Nat.  Hist.  (6)  xix,  p.  612,  pi.  xiii,  fig.  i. 
1897. 

Habitat  :  —  Brazil,  Cachoeira,  part  of  i  d*,  no.  47,  by  H.  H.  Smith. 
Carnegie  Museum,  Pittsburgh. 

179.  Erythrodiplax  connata  Burmeister. 

Erythrodiplax  connata  Calvert,  Biol.  Centr.-Amer.  Neurop.,  p.  259.     1906. 

form  d,     Calvert,  /.  r.,  p.  260. 

Habitat:  —  Brazil,  Desterro,  December,  1  J^,  by  H.  H.  Smith. 
Carnegie  Museum,  Pittsburgh. 

form  e.     Calvert,  /.  ^.,  p.  261. 
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Colombia,  Benda,  July,  i  9,  August,  5  e?,  i  9,  Septembcr,  i  cf, 
I  9,  October,  io  c^,  Novembcr,  2  e?,  5  9,  December,  2  e?,  2  9, 
January  i  e?,  i  9  ;  Onaca,  August,  i  cf ,  i  9 ,  Dccember,  i  cT  ;  by 
H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 

Venezuela,  LaGuaira,  July  27,  1900,  by  Lyon  and  Robinson,  2  e?, 
I  9 .     U.  S.  National  Museum. 

Brazil,  Chapada,  22  d,  i9,  some  dated  December,  some  num- 
bered  24,  25,  44,  loi,  102,  103,  107,  and  117  by  the  collector;  Rio 
Grande  do  Sul,  2  cf ,  by  H.  H.  Smith.    Carnegie  Museum,  Pittsburgh. 

Paraguay,  Sapucay,  by  W.  T.  Poster,  September,  1902,  2  e?, 
November,  1901,  i  cf,  December,  1899,  1901,  1902,  io,  e?,  3  9, 
March,  1900,  i  cf .     U.  S.  National  Museum. 

form  ò^.     Calvert,  /.  ^.,  p.  264. 

Brazil,  Chapada,  33  e?,  io  9,  more  or  less  perfect,  some  dated 
May,  some  December,  some  numbered  21,  58,  59,  104,  131,  133^, 
135,  and  181  by  the  collector,  H.  H.  Smith.  Carnegie  Museum, 
Pittsburgh. 

180.   Brythrodiplaz  minuscula  Rambur. 

Erythrodiplax  minuscula  Calvert,  /.  ^.,  p.  267.     1906. 

Baòìiat:  —  Brazil,  Chapada,  27  c^,  14  9,  some  dated  May,  some 
December;  some  numbered  52  or  131  by  the  collector;  Corumbà, 
May,  I  d*  ;  Cuyaba,  lakes,  January,  1886,  3  e?,  6  9  ;  Cachoeira, 
Cuyabà  Lagoa,  January  29,  6  e?,  8  9,  some  numbered  44  or  45,  Rio 
Grande  do  Sul,  i  e?. 

Bolivia,  Piedra  Bianca,  Aprii,  3  e?. 

Ali  by  H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 

181.   Erythrodiplax  berenice  naeva  Hagen. 

Erythrodiplax  berenice  nova  CaWert,  /.  r.,  p.  270.     1906. 

Habitat:  —  Bahamas,  Andros  Island,  Mangrove  Cay,  August  2, 
1904,  by  O.  Bryant,  i  e?,  3  heterochromatic  9.  Museum  of  Com- 
parative Zoology,  Cambridge,  Mass. 

182.  Djrthemis  veloz  Hagen. 

Dythemis  velox  Calvert,  Biol.  Centr.-Amer.  Neurop.,  p.  272.     1906. 

Habitat:  —  Colombia,  Bonda,  July,  i  e?,  August,  2  e?,  November, 
2C?,  i   9. 

Brazil,  Rio  de  Janeiro,  May,  i  e?,  November,  i  9 .  Rio  Grande 
do  Sul,  I  cf . 

Ali  the  preceding  by  H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 
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Muniz  Freìre  in  Espiri  tu  Santo,  June  17,  18,  1908,  by  J.  D. 
Haseman,  i  cTy  i  9 .     Carnegie  Museum. 

Paraguay,  Sapucay,  by  W.  T.  Poster,  November,  1899,  i  d,  Jan- 
uary,  1900,  2  cf.     United  States  National  Museum. 

183.  Dythemis  constricta  Calvert. 

Dythemù  consirida  Calv.,  Proc.  Bost.  Soc.  Nat.  Hist.  xxtììì,  p.  311,  pi.  i,  fig.  16. 
1898. 

Habitat  :  —  Brazil,  Bom  Fim  in  Bahia,  at  the  Fazenda  de  Ama- 
ratu,  November  21,  1907,  by  J.  D.  Haseman,  i  cf.  Carnegie  Mu- 
seum, Pittsburgh. 

184.  Dythemis  cannacrioides  Calvert. 

Dythemis  cannacrioides  Calv.,  Biol.  Centr.-Amer.  Neurop.,  pp.  276,  405,  pi.  tììì, 
figs.  43»  44»  pi.  X,  fig-  13.     1906,  1908. 
Habitat  : —  Brazii.,  Chapada,  by  H.  H.  Smith,  4  cf,  i  ?  .     The 
Carnegie  Museum,  Pittsburgh. 

185.  Brechmorhoga  prsecoz  Hagen. 

Brechmorhoga  prcecox  Calvert,  /.  r.,  pp.  281,  405,  pi.  vili,  fig.  49.     1906,  1908. 

Habitat:  —  Colombia,  Bonda,  July,  2  e?,  2  9,  November,  i  e?,  i 
9,  December,  i  e?,  2  9  ;  Onaca,  November,  i  9  ;  by  H.  H.  Smith. 
Carnegie  Museum. 

The  November  male  tends  toward  B,  postlobata  Calvert. 

186.  Brechmorhoga  prsdatriz  sp.  nov. 

e?.  Closely  related  to  B.  pracox.  Agreeing  with  the  characters  of 
this  species,  as  given  in  the  Synopsis  for  the  genus,  Biol.  Centr.- 
Amer.  Neurop.,  pp.  278,  279,  under  the  rubrics  A,  B  (except  that 
the  genital  lobe  is  half  as  prominent  as  the  anterior  lamina,  pale  mark 
on  each  side  of  the  dorsum  of  7  a  stripe  one-fourth  as  wide,  or  less,  as 
the  half  of  the  segment  on  which  it  lies),  C  and  DD  (except  that  the 
labrum  has  a  median,  and  on  each  side  a  lateral,  brown  spot,  while  the 
hamule  is  shaped  almost  as  in  nubecula^  but  its  apex  is  not  quite  so 
acute).  The  hind  wings  have  two  posttriangular  rows  beginning  at 
the  trìangle. 

Abdomen  34-37,  hind  wing  30-31  mm 

9  unknown. 

Habitat:  —  Brazil,  Chapada,  by  H.  H.  Smith,  5  e?.  Carnegie 
Museum,  Pittsburgh. 
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187.   Brechmorhoga  nubectila  Rambur. 

Brechmorkoga  nuòecula  CaWert,  Biol.  Centr.-Amer.  Neiirop.,  p.  285.     I906. 

Habitat:  —  Colombi  a,  Onaca,  August,  i  cf. 

Brazil,  Rio  de  Janeiro,  November,  2  e?,  5?,  Decembcr,  i  e?,  i  $  ; 
Chapada,  November,  part  of  i  e?,  December,  2  e?,  i  e?.  Ali  the 
preceding  by  H.  H.  Smith,  Carnegie  Museum,  Pittsburgh. 

Sete  Lagoas  in  Minas  Geraes,  May  7,  1908,  by  J.  D.  Haseman, 

1  cT*     Carnegie  Museum. 

188.  Brechmorhoga  inequlunguis  Calvert. 

Brechmorkoga  inequiunguis  Calvert,  Biol.  Centr.-Amer.  Neurop.,  pp.  286,  406. 
1906,  1908. 

Habitat: —  Colombia,  Onaca,  in  December,  by  H.  H.  Smith,  i  e?. 
Brazil,  Rio  de  Janeiro,  November,  by  the  same,  2  <?.     AH  3  e?, 
Carnegie  Museum,  Pittsburgh. 

189.  Brechmorhoga  heteronycha  sp.  nov. 

(PlATE  IX,  FIG.  147.) 

cT?.  Internai  triangle  of  the  front  wing  more  often  2-celled;  hind 
wing  with  more  often  i(c?)or  2(9)  posttriangular  rows;  i  celi 
between  the  hind  angle  of  the  triangle  and  A,  immediately  opposite  ; 

2  rows  of  cells  between  and  parallel  to  A,  and  the  anal  angle  ;  i 
anal  celi  between  the  hind  angle  of  the  triangle  and  the  point  of 
origin  of  A,  ;  two  cubito-anal  cross-veins.  Wings  faintly  yellow, 
venation  orange  and  yellow.  Frons  pale  green  and  deeply  bifìd 
superiorly,  forming  two  divergent,  almost  conical  tubercles,  thus  re- 
sembling  the  frons  oi  Gomphomacromia  paradoxa^  pale  luteous  ante- 
riorly.  Legs  pale  brownish-yellow.  Abdomen  not  widened  on  the 
posterior  segments,  blackish-brown  with  green  or  yellow  stripes  and 
spots. 

e?.  Ali  the  wings  with  an  ochre-brown  basai  spot,  occupying  the 
costai,  subcostai,  and  median  areas  out  to  the  first  antenodal.  Tooth 
of  the  tarsal  nails  less  than  half  as  long  as  the  tip  of  the  nail  itself  on 
both  nails  of  the  first  leg  and  on  the  inner  (or  posterior)  nail  of  the 
second  and  of  the  third  leg  ;  as  long  as  the  tip  of  the  nail  itself  on  the 
outer  (anterior)  nail  of  the  second  and  third  legs.  Superior  appen- 
dages  with  the  apex  acute. 

9.  The  ochre-brown  basai  spot  on  front  wing  reaching  to  the 
second  antenodal  ;  a  second  basai  streak  in  the  cubital  area  to  the 
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cross-veiiiy  occupying  also  some  of  the  anal  area  at  base.  The  hind 
wings  also  with  two  ochre-brown  basai  streaks  in  the  same  areas, 
the  first  reaching  to  the  upper  end  of  the  arculus,  the  second  to  the 
second  (or  distai)  cubito-anal  cross-vein  and  posteriorly  to  the  apex 
of  the  membranule  ;  these  two  basai  streaks  are  fused  at  base,  but 
separate,  distai  to  the  level  of  the  first  cubito-anal  cross-vein  in  the 
median  area.  Tooth  of  the  nails  less  than  half  as  long  as  the  tip  of 
the  nail  itself  on  both  nails  of  ali  the  legs. 

Dimensions:  Abdomen  e?  26.5,  ?  23;  hind  wing  e?  23.5-24, 
9  24.5  mm. 

Habitat  :  —  Brazil,  Chapada,  by  H.  H.  Smith,  i  c^  and  parts  of 
6  others;  2  9  and  part  of  i  other,  no.  100.  Carnegie  Museum, 
Pittsburgh. 

The  sexual  difference  in  the  tarsal  nails  is  interesting,  and  fumishes 
a  transition  from  the  condition  found  in  the  more  typical  species  of 
Brechnwrhoga^  or  of  Dythemisy  to  that  observed  in  Macrothetnis,  On 
comparing  thè  tarsàl  nails  of  the  same  leg,  it  is  evident  that  the  outer 
nail  of  the  second  and  third  legs  is  distinctly  shorter  than  the  inner 
nail,  the  length  of  both  nails  being  subequal  to  the  tip  of  the  tooth  ; 
the  shorter  length  of  the  outer  nail  is  due  to  a  shortening  of  the  tip 
of  the  nail  itself. 

Genus  Macrothemis. 

2  I.  Hind  wings  of  9  with  only  one  row  of  posttrìangular  cells.     (  $  unknown.) 

190.  Macrothemis  uniseries  sp.  uov. 

9 .  Wings  with  a  basai  brown  streak  in  the  subcostai  area  reaching 
half-way  to  the  first  antenodal  on  the  front  wings,  two-thirds-way  to 
the  first  antenodal  on  the  hind  wings,  on  which  latter  the  brown  over- 
fiows  a  little  at  the  extreme  base  into  the  costai  and  median  areas  ; 
cubital  area  of  hind  wings  from  base  to  cross-vein  a  little  less  deeply 
brown  than  the  streak  just  descrìbed  ;  first  two  anal  cells  bordering  the 
anal  vein  distai  to  membranule  yellow. 

Pale  green  antehumeral  stripes  faded,  apparently  similar  to  those  of 
musiva  [/.  e.  T-shaped]  ;  sides  of  thorax  pale  green  ;  a  dark  brown 
stripe  on  the  obsolete  first  lateral  thoracic  suture  to  a  short  distance 
above  the  metastigma,  where  it  enlarges  into  a  rounded  spot  ;  a  nar- 
rower  dark  brown  stripe  on  the  second  lateral  thoracic  suture  for  its 
entire  length,  narrowing  upward. 

Abdomen  30,  hind  wing  27  mm. 

e?  unknown. 
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Habitat:— Brkzii.,  Rio  Grande  do  Sul,  by  H.  H.  Smith,  i  ?. 
Carnegie  Museum,  Pittsburgh. 

Different  from  other  females  of  Macrothemis^  except  M.  pumilay  by 
the  single  posttriangular  row  of  the  hind  wings.  Different  from  fumila 
by  its  larger  size  and  the  basai  brown  streaks  of  the  wings. 

§  II.  Hind  wings  of  the  9  with  two,  of  the  ^  with  one  posttriangular  row. 

191.  Macrothemis  musiva  Calvert. 

Macrothemis  musiva  CaW.,  Biol.  Centr.-Amer.  Neurop.,  p.  289.     1906. 

Habitat:  —  Colombia,  Bonda,  December,  i  e?,  andOnaca,  Decem- 
ber,  I  e?. 

Brazil,  Rio  de  Janeiro,  i  e?  ;  Chapada,  i  e?. 

The  preceding  by  H.  H,  Smith.     Carnegie  Museum,  Pittsburgh. 

Paraguay,  Sapucay,  January,  1900,  by  W.  T.  Foster,  3  9.  U.  S. 
National  Museum. 

192.  Macrothemis  capitata  sp.  nov. 

cf .  Falls  under  the  rubrics  A  and  B  of  the  synopsis  of  this  genus  in 
Biol.  Centr.-Amer.  Neurop.  p.  288,  except  that  the  pale  green  a nte- 
humeral  stripes  are  capitate,  not  T-shaped. 

Most,  but  not  ali,  of  the  metallic-blue  area  of  the  frons  occupied 
by  two  pale  green  spots,  separated  from  each  other  by  a  black.line 
wider  above.     Vertex  blackish. 

Abdomen  26,  hind  wing  25-26  mm. 

$  uncertain. 

Habitat: — Brazil,  Desterro,  December,  by  H.  H.  Smith,  2  e?. 
Carnegie  Museum,  Pittsburgh. 

This  species  is  near  to  M.  tennis  Hagen,  but  is  smaller,  and  has  only 
one  cubito-anal  cross-vein  on  the  hind  wings. 

193.  Macrothemis  imitans  Karsch. 

Macrothemis  imitans  Calvert,  Proc.  Bost.  Soc.  Nat.  Hist.  xxviii,  pp.  319,  329,  pls.  i, 

ii.     1898. 

Venezuela,  4  cT,  2  ?.     U.  S.  National  Museum. 

Brazil,  Chapada,  by  H.  H.  Smith,  2  cf,  i  ?,  no.  121.  Carnegie 
Museum,  Pittsburgh. 

194.   Macrothemis  pseudimitans  Calvert. 

Macrothemis pseudimitans  Calvert,  Biol.  Centr.-Amer.  Neurop.  pp.  290,  406.     1906, 

1908. 

Habitat:  —  Brazil,  Muniz  Freire  in  Espiritu  Santo,  June  18,  1908, 
by  J.  D.  Haseman,  i  e?,  i  9. 
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Rio  de  Janeiro,  i  e?,  and  Chapada,  May,  i  cT  and  parts  of  2  others, 
by  H.  H.  Smith. 

Ali  in  the  Carnegie  Museum,  Pittsburgh. 

Ali  these  are  smaller  than  the  dimensions  given  in  the  work  cited, 
and  measure  abdomen  e?  23.5-25,  9  22  ;  hind  wing  e?  25-28,  ?  28 
mm. 

195.  Macrothemis  hemichlora  Bunneister. 

Macrothemis  hemichlora  Calvert,  Biol.  Centr.-Amer.  Neurop.  pp.  290,  406.     1906, 
1908. 

Habitat: —  Colombia,  Bonda  in  August,  i  $. 
Brazil,  Rio  de  Janeiro  in  November,  2  ?  ;  Chapada,  39.     Ali 
six  by  H.  H.  Smith. 

Sete  Lagoas  in  Minas  Geraes,  May,  1908,  by  J.  D.  Haseman,  i  9. 
Ali  in  the  Carnegie  Museum,  Pittsburgh. 

196.  Macrothemis  flavescens  ?  Kirby. 

Miathyria  Jlaveicensf  Kirby,  Ann.  Mag.  Nat.  Hist.  (6)  xix,  p.  600,  pi.  xiii,  fig.  2. 

1897. 
Macrothemis  flavescens?  Calv.,  Ph>c.  Bost.  Soc.  Nat.  Hist.  xx^iii,  p.  328.     1898. 

cf .  Falls  under  rubrics  A  (except  that  the  apices  of  the  superior  ap- 
pendages  are  not  acute),  BB  (except  that  the  hind  wings  bave  two 
rows  between  A,  and  the  anal  angle,  superior  appendages  with  no 
tooth  or  denticles)  and  CC  (except  that  the  inferior  appendage  has 
its  tip  only  one-fourth  as  wide  as  base  and  only  slightly  notched)  of 
the  synopsis  of  species  in  Biol.  Centr.-Amer.  Neurop.  p.  288. 

Abdomen  22.5-23,  hind  wing  24.5-25  mm. 

Habitat  :  —  Brazil,  River  Cuyabà,  January  23,  1886,  i  ^\  Cach- 
oeira  Cuyabà,  open  place  near  river,  January  25,  i  e?,  both  by  H. 
H.  Smith.     Carnegie  Museum,  Pittsburgh. 

197.  Macrothemis  declivata  sp.  nov. 

(PlATE  VII,  FIGS.  137,  138.) 

Falls  under  rubrics  A  and  BB  (except  that  the  hind  wings  of  the  e? 
bave  4-5  rows  of  cells  between  A,  and  the  anal  angle,  and  the  inferior 
denticles  of  the  superior  appendages  are  on  the  third  fourth)  of  the 
synopsis  of  species  in  Biol.  Centr.-Amer.  Neurop.  p.  288.  The  green 
antehumeral  stripesare  2.5  mm.  long,  narrow  gradually  forward  (down- 
ward)  and  stop  at  about  .5  mm.  from  the  inferior  transverse  mesep- 
istemal  carina.  Sides  of  the  thorax  pale  green,  with  two  complete 
blackish  strìpes  at  the  first  and  second  latenti  sutures  respectively. 
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cf .  Differs  from  ali  other  species  in  having  the  apex  of  the  superìor 
appendages  a  little  produced  and  curved  ventrad  and  laterad.  Ab- 
dominai  segment  8  at  base  3  mm.  wide. 

? .  Wings  yellowish  from  base  to  nodus  for  entire  (front)  or  almost 
the  entire  (hind)  width.  One  $  has  only  one  posttrìangular  row  on 
both  hind  wings  for  three  cells,  but  the  other  two  have  two  rows. 

Dimensions  :  —  Abdomen  e?  29.5,  ?  29;  hind  wing  cf*  circa  33, 
?  34-35  nam. 

Habitat:  —  Brazil,  Rio  de  Janeiro,  by  H.  H.  Smith,  i  cT,  3  ?, 
some  dated  November.     Carnegie  Museum,  Pittsburgh. 

198.  Macrothemis  marmorata  Hagen. 

MacrMemis  marmorata  Calvert,  Proc.  Bost.  Soc.  Nat.  Hist.  xxviiiy  pp.  318,  323, 

pi.  ii,  fig.  33.     1898. 

Habitat  :  —  Brazil,  Rio  Grande  de  Sul,  by  H.  H.  Smith,  i  e?. 
Carnegie  Museum,  Pittsburgh. 

199.  Macrothemis  griseofrons  sp.  nov. 

e?.  Falls  under  rubric  A  A  of  the  synopsis  of  species,  Biol.  Centr.- 
Amer.  Neurop.  p.  289,  except  as  follows:  thorax  and  most  of  the 
abdomen  pruinose,  8-10  and  the  appendages  brown,  the  superìor 
appendages  acute  at  tip. 

Frons  and  vertex  pale  bluish-gray,  nasus  and  rhinarìum  luteous, 
labrum  orange.  Hamule  most  prominent  of  the  genitalia  of  abd. 
seg.  2,  anterior  lamina  more  prominent  than  the  genital  lobe,  entire. 
Hind  wings  ochraceous  in  part  of  the  anal  area,  beginning  at  the  anal 
vein  and  extending  back  4  mm.  and  from  the  membranule  distad  to 
two  cells  immediately  bordering  the  anal  vein,  centres  of  the  cells  a 
little  pater. 

Abdomen  27.5,  hind  wing  30  mm. 

$  unknown. 

Habitat:  —  Brazil,  Bom  Fim  in  Bahia,  November  20,  1907,  by 
J.  D.  Haseman  at  the  Fazenda  de  Amaratu,  i  c^.  Carnegie  Museum, 
Pittsburgh. 

200.   Macrothemis  lutea  sp.  nov. 

e?.  Abdomen  very  long  and  slender,  not  widened  on  7-8,  luteous, 
with  the  sutures,  carinse,  and  (on  4-9)  on  each  side  of  dorsum  a  nar- 
row  stripe,  black.  Thorax  pale  olive-green  with  black  lines  on  parts 
of  the  lateral  sutures.     Hind  wings  with  one  posttrìangular  row,  three 
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rows  between  and  parallel  to  A,  and  the  anal  angle,  2  cells  between 
the  hind  angle  of  the  triangle  and  the  point  of  origin  of  A,,  i  celi 
between  the  hind  angle  of  the  triangle  and  A,  immediately  opposite 
that  angle.  Superior  appendages  not  acute  at  the  extreme  tip,  with 
an  inferior  tooth  at  three-fourths'  length. 

Abdomen  40.5,  hind^wing  34.5  mm. 

$  unknown. 

Habitat:  —  Brazil,  Propria  in  Sergipe,  March  31,  1908,  by  J. 
D.  Haseman,  i  e?.     Carnegie  Museum,  Pittsburgh. 

Gynothemis  ■•  gen  nov. 

Falling  in  the  synopsis  of  Mexican  and  Central  American  genera 
of  Libellulinae  (in  Biol.  Centr.-Amer.  Neurop.  p.  202),  under  the 
same  rubric  as  Faitothemis,  but  differing  therefrom  as  foUows  :  area 
between  the  anal  angle  of  the  hind  wings  and  A,  with  the  cells  not 
arranged  as  described  for  Paltothemis^  nor  in  rows  parallel  to  the  anal 
angle  or  to  A,,  but  more  irregularly  ;  only  one  row  of  cells  between 
R^  and  the  supplementary  sector  next  below,  M,  not  waved  ;  front  wings 
with  the  discoidal  triangle  free  and  two  posttrìangular  rows  from  trian- 
gle to  wing-margin  ;  femora  in  both  sexes  armed  with  the  usuai  two 
rows  of  spines  as  in  most  Libellulinae,  those  of  the  male  not  differen- 
tiated  as  they  are   in  Macrothemisy  Brechmorìioga^  etc. 

Type  :   Gynothemis  venipunctata  sp.  nov. 

201.  Gynothemis  venipunctata  sp.  nov. 

(Plate  IX,  FIO.  146.  ) 

Wings  ochraceous  at  base,  on  the  front  pair  for  their  entire  width 
out  to  the  distai  angle  of  the  triangle,  on  the  hind  pair  from  the  an- 
terior  margin  to  within  two  cells  of  the  hind  margin  and  out  to  two 
or  three  cells  distad  of  the  triangle.  Antenodals  in  the  subcostai  spaces 
and  the  cubito-anal  cross-vein  on  ali  the  wings,  and  the  angles  of  the 
triangle  and  a  few  cross-veins  distai  to  the  triangle  on  the  hind  wings, 
dotted  with  brown. 

e?.  Frons  anteriorly  and  superiorly  (but  not  laterally)  and  the  ver- 
tex  dark  metallic-blue  ;  lips  mostly  blackish  ;  thorax  dark  brown,  sides 
paler,  obscure  ;  abdomen  pale  yellowish,  a  mid-dorsal  and  a  latenti 
brown  or  black  longitudinal  stripe,  the  laterals  beginning  at  the  hind 
end  of  segment  3. 

'•This  proposed  name  rcfers  to  the  fact  that  the  genus,  although  similar  in  many 
ways  to  Macrothemis^  differs,  among  others,  in  that  the  male  femora  are  armed  like 
those  of  female  MacrothemU. 
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Superìor  appendages  slender,  convex  in  profìle,  a  small  inferior  tooth 
at  fìve-sixths'  length,  where  the  tapering  to  the  acute  apex  begìns. 
Inferìor  appendage  nine-tenths  as  long  as  the  superiors.  Genitalia  of 
the  second  abdominal  segraent  similar  to  those  of  Macrothemis  musiva^ 
but  the  hamule  stili  more  slender. 

Legs  yellow,  brownish  bclow. 

9 .  Frons  and  vertex  greenish,  lips  chiefly  greenish,  with  some  dark 
marks  ;  thorax  greenish-yellow,  with  a  mid-dorsal  dark  brown  band. 
Vulvar  lamina  not  quite  reaching  the  hind  margin  of  8,  emarginate. 

Dimensions :  Abdomen  e?  16.5,  ?  15.5  ;  hind  wing  e??  20  mm. 

Habitat:  —  Brazil,  Chapada,  by  H.  H.  Smith,  3  cf  and  parts  of 
15  others;  parts  of  4  ?,  nos.  131  and  (ì(ì\  Rio  Sapon,  January  30, 
1908,  by  J.  D.  Haseman,  i  9.     Carnegie  Museum,  Pittsburgh. 

202.  Miathyria  marcella  Selys. 

Miathyria  marcella^  Calvert,  Biol.  Centr.-Amer.  Neurop.,  pp.  294,  407.     1906,  1908. 

Habitat:  —  Colombia,  Sonda,  2  9.     H.  H.  Smith. 

Brazil,  Barreiras,  January  4,  1908,  i  9|  and  Campo  Largo,  De- 
cember  31,  1907,  in  Bahia,  by  J.  D.  Haseman. 

Chapada,  17  e?,  5  9  ;  Cachoeira,  i  spmn.  broken.  Corumbà, 
May,  I  e?,  I  9  ;  Rio  Grande  do  Sul,  i  cT,  i  9  ;  by  H.  H.  Smith. 

Ali  the  preceding  in  the  Carnegie  Museum,  Pittsburgh. 

Paraguay,  Sapucay,  by  W.  T.  Foster,  November,  1899,  January 
and  March,  1903,  9  <?,  9  9.     U.  S.  National  Museum. 

Concepcion,  December  3I1  i  broken  spmn. 

Argentina,  Goya,  Rio  Paranà,  east  side,  December  22,  i  e?,  3  9. 

?Fazenda  de  San  Jose,  Bananol,  Grande  Channel,  near  San  Lou 
renso,  January  8,  i  9 . 

The  last  six  specimens  by  H.  H.  Smith,  Carnegie  Museum,  Pitts- 
burgh. 

203.  Miathyria  simplex  Rambur. 

Miathyria  simplex  CaW.,  Biol.  Centr.-Amer.  Neurop.,  p.  295.     1906. 

Habitat  : —  Brazil,  Corumbà,  Aprii,  by  H.  H.  Smith,  i  9.  Car- 
negie Museum,  Pittsburgh. 

204.  Tauriphila  risi  Martin. 

Tauriphila  risi  Martin,  Boll.  Mus.  Zo6l.  Torino,  no.  239,  p.  I.     1896. 
Ris,  Hamburg.  Magai.  Sammelr.  Odon.,  p.  32.     1904. 

Habitat  :  —  Brazil,  Rio  Grande  do  Sul  by  H.  v.  Ihering,  3  cT,  i  9  • 
Academy  of  Naturai  Sciences  of  Philadelphia. 
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Same  locality,  2  e?,  i  ?,  by  H.  H.  Smith. 

Paraguay,  Rio  Parana  [?  Paraguay]  above  Rosario,  December  19, 
in  cop.     I  cT,  I  ?,  by  H.  H.  Smith. 

Sapucay,  December,  1899,  by  W.  T.  Poster,  5  ?.  U.  S.  National 
Museum. 

Argentina,  Goya,  Rio  Parana,  east  side,  December  22,  by  H.  H. 
Smith,  4  (?>  3  ?• 

The  specimens  collected  by  H.  H.  Smith,  are  in  the  Carnegie 
Museum,  Pittsburgh. 

205.  Tauriphila  australis  Hagen. 

Tauriphila  australis  Calvert,  Biol.  Centr.-Amer.  Neurop.,  [p.  297,  pi.  ix,  figs.  46, 

47.     1906. 

Habitat:  —  Colombia,  Sonda,  November,  i  ?,  December,  i  e?, 
by  H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 

206.  Tauriphila  argo  Hagen. 

Tauriphila  argo  CaW.,  Biol.  Centr.-Amer.  Neurop.»  p.  299,  pi.  ix,  figs.  48,  49, 
1906. 

Habitat: — JBolivia,  Piedra  Bianca,  Aprii,  i  J*. 

Paraguay,  Sapucay,  November,  1899,  i  e?,  4  9,  December,  i  9, 
by  W.  T.  Poster.     U.  S,  National  Museum. 

Argentina,  Rio  Parana  just  below  Corrientes,  December  23,  i  e?. 
This  and  the  Bolivian  specimen  by  H.  H.  Smith,  Carnegie  Museum, 
Pittsburgh. 

Genus  Tramea« 

The  first  four  forms  bave  been  separated  as  follows,  without  presum- 
ing  to  decide  whether  ali  are  entitled  to  specifìc  rank.  These  four  fall 
under  Section  I  of  the  Synopsis  in  Biologia  Centrali  Americana, 
Neurop.,  p.  300.  Abdominal  segments  8  +  9+10  measure  5-5.5 
mm.  long,  the  inferìor  appendage  of  the  males  1.5  mm.  in  ali  (four?). 

Dark  (blackish-brown)  basai  colorìng  of  the  hìnd  wings  reaching  back  not  quite  to 
the  hiod  maigin,  but  8.5-10  mm.  behind  the  cubital  vein,  with  no  clearer  area 
between  this  band  and  the  proximal  (or  anal)  wing-margin.  Superior  appen- 
dages  $  5  mm.  long.  Hamule  recumbent  on  genital  lobe,  projecting  beyond  it 
by  less  than  the  Tertical  half  of  the  latter.     Frons  $  superìorly  metallic-violet. 

h-asiliafM, 

Dark  brown  basai  colorìng  of  hind  wing  reaching  back  not  qnite  to  the  hind  margin, 
10-11  mm.  behiod  Cu,  with  a  clearer  area  between  it  and  the  proximal  wing- 
margin.  Superior  appendages  ^  3.5  mm.  Hamule  projecting  beyond  the  genital 
lobe  by  less  than  half  the  vertical  height  of  the  lobes.  Frons  $  superìorly  metallìc- 
violet longicauda^  var. 
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Dark  brown  basai  coloring  of  the  hind  wings  reaching  back  to  more  than  half  the 
width  of  the  wing,  7  mm.  behind  Cu,  with  a  clear  area  betweeo  at  least  its  hind 
half  and  the  proximal  wing-margin.  Superìor  appendages  ^  ?,  9  3*5  °^°^* 
Hamule  as  in  brasiliana.  Frons  $  superìor  metallic-Tiolet,  $  yellow  with  basai 
superìor  metallic-blue  strìpe,  7  mm.  wide binoiata, 

Dark  brown  basai  colorìng  of  hind  wing  reaching  back  to  half  the  width  of  the  wing, 
5  mm.  behind  Cu,  with  a  clearer  area  between  it  and  the  proximal  wing-mlrgin. 
Appendages  9  3*5  ^^*  Vulvar  lamina  reaching  to  seven-eighths,  or  to  the  hind 
end,  of  the  lateral  margin  of  segment  9.  Frons  9  yellow  or  greenish  yellow,  a 
superìor  basai  metallic-blue  strìpe  .5  mm.  wide subbinofata, 

207.   Tramea  brasiliana  Brauer. 
Habitat: — Brazil,  Mìnas  Geraes  i  e?,  Museum,  of  Comparative 
Zoology,  Cambridge,  Mass. 

Sete  Lagoas  in  Minas  Geraes,  May  3,  1908,  by  J.  D.  Haseman,  i  S". 
Chapada?,  by  H.  H.  Smith,  2  cf,  no.  38.      Camegie  Museum, 
Pittsburgh. 

208.  Tramea  longicauda  Brauer  var.  ? 

Habitat  : — Brazil,  Sete  Lagoas  in  Minas  Geraes,  May  7,  1908,  by 
J.  D.  Haseman,  i  e?. 

Rio  Grande  do  Sul,  2  e?  ;  Cuyabà,  i  cf  ;  Corumbà,  May,  2  e?. 

Bolivia,  Piedra  Bianca,  Aprii,  i  e?. 

The  six  specimens  by  H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 

209.  Tramea  binotata  Rambur. 

Two  males  in  the  Museum  of  Comparative  Zoòlogy,  Cambridge, 
Mass.,  without  locali ty  labels,  one  of  them  labeled  ''L.  binotata"  in 
de  Selys*  band,  and  *  *  CI*  *  [  «■  ?  Claussen  and  hence  Minas  Geraes  ?] . 

Paraguay,  Sapucay,  by  W.  T.  Poster,  March  9,  1903,  i  9.  U.  S. 
National  Museum. 

210.  Tramea  subbinotata  Brauer. 

Habitat:  —  Brazil,  i  ?  by  Heyer,  Museum  of  Comparative 
Zoology,  Mass. 

Argentina,  Goya,  Rio  Paranà,  east  side,  December  22,  by  H.  H. 
Smith,  I  9 .     Camegie  Museum,  Pittsburgh. 

211.   Tramea  cophysa  ?  Hagen. 

Tramea  cophysa?  Calvert,  Biol.  Centr.-Amer.  Neurop.,  p.  301.     1906. 

Habitat: — Colombia,  Bonda,  July,    i  e?,   79,   August,  3  e?, 
7  9,  October,  2  9,  November,  2  9. 
Brazil,  Chapada,  7  cT,  3  ^,  no.  130. 
AH  by  H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 
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212.  Tramea  insularis  Hagen. 

Tramea  insulariSf  Gilverti  Biol.  Centr.-Amer.  Neurop.,  p.  303.     1906. 

Habitat: — Bahamas,  Andros  Island,  Mangrove  Gay,  July  31,  1904, 
by  O.  Bryant,  i  (?.     Museum  of  Comparative  Zoòlogy,  Cambridge, 


213.   Tramea  onusta  Hagen. 

Tramea  onusta  Calveit,  Biol.  Centr.-Amer.  Neurop.,  p.  305.     1906. 

Habitat: — Bahamas,  Andros  Island,  Mangrove  Cay,  August,  1904, 
by  Alien,  Barbour,  and  Bryant,  i  cT.  Museum  of  Comparative  Zoòl- 
ogy, Cambridge,  Mass. 

214.   Pantala  flavescens  Fabr. 

Pantala  flavescens  CalT.,  Biol.  Centr.-Amer.  Neurop.  pp.  307,  407.     1906,  1908. 

Habitat:  —  Colombia,  Bonda,  July,  3  e?,  i  9;  August,  4  e?,  3 
?,  September,  i  cf;  Onaca,  August,  i  9. 

Brazil,  Rio  Grande  do  Sul,  i  9 . 

Ali  by  H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 

Saò  Paulo,  September  7,  1900,  by  A.  Hempél.  Academy  01 
Naturai  Sciences  of  Phila. 

Bolivia,  near  Coroico,  June  4  and  6,  1899,  by  W.  J.  Gerhard, 
2  e?.     Academy  Naturai  Sciences  of  Philadelphia. 

Paraguay,  Sapucay,  November,  1899,  by  W.  T.  Poster,  i  e?.  U. 
S.  National  Museum. 

215.   Pantala  hymensa  Say . 

Patitala  hymenaa  Calv.,  Biol.  Centr.-Amer.  Neurop.  pp.  309,  407.     1907,  1908. 

Habitat:  —  Colombia,  Bonda,  by  H.  H.  Smith,  i  cf. 

Brazil,  Barreiras  in  Bahia,  January  4,  1908,  by  J.  D.  Haseman, 
I  e?.     Carnegie  Museum,  Pittsburgh. 

216.  Diastatops  puUata  Burmeister. 

Habitat:  —  Brazil,  Cachoeira,  i  e?,  no.  29;  Cachoeira  Cuyabà 
I^goa,  January  29,  i  e?;  both  by  H.  H.  Smith.  Carnegie  Museum, 
Pittsburgh. 

217.  Diastatops  fullglnea  Rambur . 

Habitat  :  —  Brazil,  Boqueiraò  in  Bahia,  near  the  junction  of  Rio 
Preto  and  Rio  Grande,  January  7,  1908,  by  J.  D.  Haseman,  i  cT, 
I  9.     Carnegie  Museum,  Pittsburgh. 
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218.   Diastatops  tincta  Rambur. 

Haòitat:  —  Brazil,  Uacaryzal,  by  H.  H.  Smith,  i  e?.  Carnegie 
Museutn,  Pittsburgh. 

219.  Perlthemls  thais  Kirby. 
Habitat:  —  Perù,  Iquitos,  Staudinger,  2  cf. 
Brazil,  Para?  i  e?. 

Museum  of  Comparative  Zoology,  Cambridge,  Mass. 
Paraguay,  Sapucay,  March,  1900,  by  W.  T.  Poster,  2  S".     U.  S. 
National  Museum. 

220.  Perlthemls  domltla  Irla  Hagen. 

Peritkemù  domUia  iris  Calvert,  Bìol.  Centr.-Amer.  Neurop.,  p.  313,  408.     1907, 
1908. 

Habitat  : — Colombia,  Bonda,  August,  i  e?,  by  H.  H.  Smith,  Car- 
negie Museum,  Pittsburgh. 

Paraguay  :  Sapucay,  November,  1899,  i  cf ,  January,  1903,  8  e?, 
February,  1900,  i  ?,  by  W.  T.  Poster.     U.  S.  National  Museum. 

221.   Perlthemls  domltla  mooma  Kirby. 

Peritkemis  domitia  mooma ^  Calv.,  /.  r.,  p.  314.     1907. 

Habitat:  —  Venezuela,  La  Guaira,  July  27,  1900,  by  Lyon  & 
Robinson,  i  c^.     U.  S.  National  Museum. 

Brazil,  Barreiras,  January  4,  i9»  and  Campo  Largo,  January  i, 
1908,  I  9>  in  Bahia,  by  J.  D.  Haseman.  Carnegie  Museum,  Pitts- 
burgh. 

Paraguay,  Sapucay,  March,  1900,  by  W.  T.  Poster,  i  9.  U. 
S.  National  Museum. 

222.   Rhodopygla  hollandl  Calvert. 
(PlateIX,  FiG.  148.) 
Rhodopygia  hollandi  CaWert,  Biol.  Centr.-Ainer.  Neurop.,  pp.  319,  pi.  ix,  fig.  54. 
1907. 

Habitat:  —  Brazil,  Chapada,  7  cT,  4  9  (parts)  ;  Cachoeira,  i  cT, 
no.  40;  Cuyabà,  January,  1886,  lakes,  3  e?,  i  9;  by  H.  H.  Smith. 
Carnegie  Museum,  Pittsburgh. 

223.   Cannacrla  furcata  Hagen. 

Cannacria  furcata  Caly.,  /.  r.,  p.  325.     1907. 

Habitat  :  —  Brazil,  Sete  Lagoas  in  Minas  Geraes,  May  8,  1908,  by 
J.  D.  Haseman,  i  <?. 

Rio  de  Janeiro,  November,  i  9 ,  January,  2  cf ,  3  9 . 
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Argentina,  Santa  Helena,  Decembcr  21,  i  ?,  and  Goya,  Decem- 
ber  22,  I  ?,  both  east  side  Rio  Paranà. 

H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 

224.   Cannacria  batesi  Kirby. 

Cannacria  òa/tsi  Ca.U,,  /.  e,  p.  326.     1907. 

Habitat:  —  Brazil,  Campo  Largo  in  Bahia,  January  i,  1908,  by 
J.  D.  Haseman,  i  cf,  i  9. 

Chapada,  December,  i  c^,  i  ?. 

Bolivia,  Piedra  Bianca,  Aprii,  i  e?. 

The  last  three  by  H.  H.  Smith.  Ali  in  the  Carnegie  Museum, 
Pittsburgh. 

225.  Erythemis  peruviana  Rambur. 

Erythemis peruviana  Calv.,  /.  c^  p.  333.     1907. 

Habitat:  —  Colombia,  Bonda,  October,  i  e?,  by  H.  H.  Smith. 

Brazil,  Barreiras  in  Bahia,  January  4,  1908,  by  J.  D.  Haseman, 
3c:r,  I?. 

Cuyabà,  January,  1886,  lakes,  3  e?,  i  ?  ;  Cachoeira,  i  cf,  i  9  ; 
Uacaryzal,  February,  i  e?,  i  ?,  by  H.  H.  Smith. 

Santa  Anna  do  Japara,  August  20,  by  Moenkhaus,  i  9 .  Collection 
of  C.  C.  Adams. 

Paraguay,  Rio  Paraguay,  below  Concepcion,  "  December  28,  day 
beach  fronting  lowland  forest,  very  abundant,"  i  (^,1  9,  December 
31,  I  c^,  by  H.  H.  Smith. 

The  preceding,  except  that  from  Santa  Anna,  etc,  in  the  Carnegie 
Museum,  Pittsburgh. 

Sapucay,  December,  1899,  and  January,  1900,  by  W.  T.  Foster, 
29.     U.  S.  National  Museum. 

226.  Erjrthemis  mithroides  Brauer. 

Erythemis  mithroides  Calv.,  /.  r.,  p.  334.     1907. 

Habitat:  —  Paraguay,  Concepcion,  December  31,  by  H.  H. 
Smith,  2  cf.     Carnegie  Museum,  Pittsburgh. 

227.  Erythemis  attala  Selys. 

Erythemis  attala  CaW.,  /.  c,^  p.  335.     1907. 

Habitat:  —  Brazil,  Santa  Anna  do  Japara,  August,  1898,  by 
Moenkhaus,  3  e?,  i  9.     Collection  of  C.  C.  Adams. 

Cachoeira  Cuyaba,  January  27,  by  H.  H.  Smith,  i  e?.  Carnegie 
Museum,  Pittsburgh. 

Paraguay,  Sapucay,  January,  1900,  by  W.  T.  Foster,  i  c^.  U. 
S.  National  Museum. 
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228.   Erythemls  verbenata  Hagen. 

Erythtmis  verbenata  Calv.,  /.  r.,  p.  336.     1907. 

Habitat:  —  Colombia,  Benda,  Octobcr,  i  e?,  Novembcr,  3  e?, 
I  9,  December,  i  cf,  by  H.  H.  Smith. 

Brazil,  Bosqueirad  in  Bahia,  January  7,  1908,  by  J.  D.  Hase- 
man,  i  cf. 

Rio  Janeiro,  November,  i  9 ,  January,  i  e?  ;  Conimbà,  May,  3  9  ; 
Uacaryzal,  i  9  ;  by  H.  H.  Smith. 

Paraguay,  below  Asuncion,  December  24,  i  e?»  by  H.  H.  Smith. 

AH  the  preceding  in  the  Carnegie  Museum,  Pittsburgh. 

Sapucay,  March,  1900,  by  W.  T.  Poster,  i  e?.  U.  S.  National 
Museum. 

229.   Erythemls  haematogastra  Burmeister. 
(PlateIX,  fig.  154.) 
Eryikemis  kamatogastra  Cal^.,  /.  r.,  p.  338.     1907. 

Habitat:  —  Brazil,  Rio  Grande  above  the  mouth  of  Rio  Preto  in 
Bahia,  December  30,  1907,  by  J.  D.  Haseman,  i  9. 

Cachoeira  Cuyabà,  January  27,  i  cf;  Cuyabà,  i  cf;  Uacaryzal, 
February,  i  e?  ;  by  H.  H.  Smith. 

Paraguay,  Rio  Paraguay  beyond  Concepcion,  forest  shore,  Decem- 
ber 28,  I  9,  by  H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 

230.   Erythemls  credula  Hagen. 

ErytkemU  credula  Calv.,  /.  c,^  p.  339.     1907. 

Habitat  :  —  Brazil,  Cuyabà,  i  9  ;  Cachoeira,  i  e?,  i  9  ;  Uacary- 
zal, 2  e?,  2  9  ;  Corumbà,  Aprii,  i  cf . 

Bolivia,  Piedra  Bianca,  Aprii,  i  e?. 

Ali  by  H.  H.  Smith.     Carnegie  Museum,  Pittsburgh. 

231.   Lepthemls  veslculosa  Fabrìcius. 

Lepthemis  venculosa  Calv.,  /.  c.y  p.  339.     1907. 

Habitat  : — Colombia,  Bonda,  August,  2  cT,  i  9,  October,  2  e?, 
November,  2  9,  by  H.  H.  Smith. 

Brazil,  Campo  Largo  in  Bahia,  December  31,  1907,  by  J.  D. 
Haseman,  2  cT. 

Chapada,  December,  by  H.  H.  Smith,  i  e?. 

The  preceding  in  the  Carnegie  Museum,  Pittsburgh. 

Santa  Anna  do  Japara,  August,  1898,  by  Moenkhaus,  i  9.  Col- 
lection  of  C.  C.  Adams. 

Paraguay,  Sapucay,  by  W.  T.  Foster,  February  and  March,  1900, 
by  W.  T.  Foster,  2  e?.     U.  S.  National  Museum. 
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EXPLANATION  OF  PLATES. 

(Ali  the  fìgures  on  Plates  1-7  bave  been  drawn  witb  tbe  aid  of  the  drawing 
camera  by  tbe  autbor.  Figs.  1-4,  17-43  ^^  0°  ^^  s&n^c  scale;  6-16  are  on  tbe 
same  scale  ;  44-124  are  on  the  same  scale  ;  125-127  are  on  the  same  scale  ;  128, 
129,  131-133  are  on  tbe  same  scale  ;  130,  134-138  are  on  the  same  scale.  ) 

Platk  I. 

Figs.  I,  2.  J/e/arina /usctòasiSf  sp^now.,  ^.  Chapada,  abdominal appendages. 
I,  snpero-intemal-oblique  yiew,  left  appendages.     2,  profile  view  of  the  same. 

Figs.  3,  4,  5*  Hetetrina  charca,  sp.  nov.,  $,  Cbulumani,  Bolivia,  Nov.  30, 
1898.  3,  left  superìor  abdominal  appendage,  dorsal  view.  4,  profile  vìew,  lefl  ap- 
pendages.    5,  inner  Tentral  view,  apex  of  left  inferior  appendage. 

Figs.  6-16.  Pectoral  color-pattems  of  species  of  Lestes  .*  the  left  side  only  is 
sbown. 

6.  L f stes  sca/ariSf  ap.  nay.,  ^,  Cuba. 

7.  Lestes  spumariuSf  Selys,  ^,  Cuba. 

8.  Lestes  dichrostigma^  sp.  dot.,  ^,  SaO  Paulo. 

9.  Lestes  tricolor  Erìchson,  $ ,  Bahia  ? 

10.  Lestes  medìoru/us,  sp.  nov.,  ^,  SaO  Paulo. 

11.  Lestes pùtus  Htigtiìf  ^,  Brazil. 

12.  Lestes  tenuatus  Rambur,  ^,  Don  Diego,  Colombia. 

13.  Lestes  quaiiristriatuSf  sp.  nov.,  ^,  Chapada. 

14.  Lestes paulistus^  sp.  nov.,  ^,  SaO  Paulo. 

15.  Lestes  Hpupillatus  sp.  nov.,  9 ,  Chapada. 

16.  Lestes  undulatus  Say,  $ ,  Penco,  Chile. 

Figs.  17,  18.  Lestes  scalaris^  sp.  nov.,  ^,  Cuba,  by  Gundlach,  1866.  17. 
profile  view  left  abdominal  appendages  ;  18,  supero-intemal  oblique  view  of  the  same. 

Figs.  19,  20.  Lestes  spumarius  Selys,  $ ,  Cuba.  19,  profile  view,  left  abdomi- 
nal appendages  ;  20,  supero-intemal  oblique  view  of  the  same. 


Digitized  by 


Google 


ANNALS  CARNEGIE  MUSEUM.  Voi.  VI. 


Piate  I 


Digitized  by 


Google 


Digitized  by 


Google 


266  Annals  of  the  Carnegie  Museum. 


Plate  il 

FiGS.  ZI,  22.  Lesta  bipupillaius,  sp.  dot.,  ^,  Chapada,  Brazil.  21,  profìle 
▼iew,  left  appendages;  22,  supero- internai  oblique  view  of  the  same. 

FiGS.  23,  24.  Lestes  mediorufus,  sp.  nov.,  ^,  SaO  Paulo,  September  14,  1900. 
23,  profile  Tiew,  left  appendages  ;  24,  supero-intemal  oblique  view  of  the  same. 

FiGS.  25,  26.  Lestes  paulùtusy  sp.  noT.,  ^,  SaO  Paulo,  September  14,  1900. 
25,  profile  Tiew,  left  abdominal  appendages  ;  26,  dorsal  view  of  appendages. 

FiGS.  27,  28.  Listes  pUiui  Hagen,  ^,  type,  Brazil,  by  Fischer.  27,  profìle 
Tiew,  left  appendages  ;  28,  supero-intemal  oblique  view  of  same. 

FiGS.  29,  30.  Lestes  tticolor  Erichson,  ^ ,  type,  Bahia.  29,  profile  view,  left 
appendages  ;  30,  dorsal  view  of  appendages. 

FiGS.  31,  32.  Lestes  dichrtstigma,  sp.  nov.,  ^,  SaO  Paulo,  September  14,  1900. 
31,  profile  view,  left  appendages  ;  32,  dorsal  view  of  appendages. 

FiGS.  33,  34.  Lestes  undulatus  Say,  $ ,  Penco,  Chile,  January,  1905.  33,  pro- 
file view,  left  appendages  ;  34,  dorsal  view  of  appendages. 

FiGS.  35,  36.  Lestes  quadristriatus,  sp.  nov. ,  $ ,  Chapada,  Brazil.  35,  profile 
▼iew,  left  superior  appendage  ;  36,  supero-oblique  view,  superior  appendages  from 
the  right 
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Plate  III. 

FiGS.  37H-2.  Supero-internal  oblique  views  of  the  rìght  abdomÌDal  appendages 
of  males  of  species  of  Heteragrion. 

37.  Heteragrion  equatoriale  Selys,  $ ,  Piches  and  Perene  valleys,  Pera. 

38.  Heteragrion  inea,  sp.  nov. ,  ^ ,  Iquitos,  Pera. 

39.  Heteragrion  triangulare  Hagen,  ^ ,  Chapada,  Brmzil. 

40.  Heteragrion  aurantiacum  Séìjs,  ^ ,  Rio  de  Janeiro. 

41.  Heteragrion  Jlavidorsum^  sp.  nov.,  ^,  nine  miles  from  Coroico,  BoKvia, 
May  19,  1899. 

42.  43.  Heteragrion  angustipenne  Sel3rs,  $ ,  Cumbase,  Pera.  43,  profìle  view , 
left  appendages. 

FiGS.  44,  45.  Perilestes  fragilis  ?  Hagen,  ^ ,  Chapada,  Brazil.  44,  supero- 
interaal  oblique  view  of  rìght  superìor  appendage;  45,  internai  view  of  same  from 
slightly  aboTe. 

Fio.  46.  Perilestes  comutus  ?  Selys,  ^ ,  Surabres,  Costa  Rica,  similar  to  fìg.  45  ; 
damaged. 

Figs.  47,'  48.  Oxyagrion  divarieatum,  sp.  nov.,  ^,  Chapada,  Brazil.  47,  dor- 
sal,  and  48,  left  profile  yiew  of  abdominal  appendages. 

Figs.  49,  50.  Oxyagrion  rufulum  Hagen,  ^ ,  Quillota,  Chile.  49,  left  profile 
▼iew  of  appendages  ;  50,  supero-internal  view,  rìght  superìor  appendage. 

FlG.  51.  Oxyagrion  evanescens^  sp.  nov.,  ^,  Chapada,  Brazil.  Left  profile 
view,  abdominal  apez. 

Figs.  52,  53.  Oxyagrion  hempeli^  sp.  nov.,  ^,  SaO  Paulo.  52,  donai,  and  53, 
left  profile  view  of  abdominal  appendages. 

Figs.  54,  55.  Oxyagrion  basale  Selys,  $ ,  Chapada,  Brazil  ;  similar  to  the  pre- 
ceding. 

Figs.  56,  57.  Oxyagrion  impunctatum^  sp  nov.,  ^,  Chapada,  Brazil;  similar  to 
the  preceding. 


Digitized  by 


Google 


ANNALS  CARNEGIE  MUSEUM.  Voi.  VI. 


Piate  III 


Digitized  by 


Google 


Digitized  by 


Google 


270  Annals  of  the  Carnegie  MusExm. 


Piate  IV. 

FiGS.  58-67.  Left  mesostigmal  lamina  of  females  of  species  of  Argia  and  Z>f- 
argia^  viewed  from  in  front 

58.  Argia  foitiri^  8p.  nor.,  9.     Sapucay. 

59.  Argia  hasemani^  sp.  noT. ,  9  *  ^^'^  ^^™*  * 

60.  Argia  gerhardi^  sp.  noT.,  9,  Chulamani,  Bolivia. 

61.  Argia  mollis  Hagen,  9t  Chapada. 

6a.  Argia  tincttpennis  Selys,  9  »  Pcixe-Boi,  Brazil. 

63.  Argia  boiacudo^  sp.  nov.,  9*  Chapada. 

64.  Argia  smiihiana^  sp.  nov.,  9  »  Chapada. 

65.  Argia  iralai^  sp.  nov.,  9>  Sapucay. 

66.  Argia  reclusa  Selys,  9  >  Chapada. 

67.  Diargia  HcelhUata^  sp.  no¥.,  9>  Chapada. 

FiGS.  68-79.  ^^^  profile  Tiew  of  apex  of  abdomen  of  males  of  species  of  Di- 
argia and  Argia;  681-79;,  supero- internai  oblique  views  of  the  rìght  superìor  ap- 
pendage  of  the  same. 

68,  68x.     Diargia  bicellulata  sp.  nov.,  ^,  Chapada. 

69,  69;.     Argia /osteria  sp.  no¥.,  ^,  Sapucay,  November,  1899. 

70,  ^os^     Argia  gerhardiy  sp.  nov.,  ^,  Chulumani. 

71,  71;.     Argia  kokamay  sp.  noT.,  ^,  Iquitos. 

72,  72J.     Argia  hasemaniy  sp.  nov.,  ^,  Bom  Firn,  Nov.  20,  1907. 
73t  73^-     Argia  tamoyo,  sp.  nov.,  ^,  Chapada. 

74,  74f.     Argia  smithiana^  sp.  nov.,  ^  Chapada. 

75,  ^r/M  fAisma,  sp.  nov.,  ^,  Chapada.  75 tf,  dorsal  view  of  superìor  ap- 
pendages  of  the  same. 

76,  76;.  Argia  chapada^  sp.  nov.,  ^,  Chapada. 
77»  77<'*  Argia  òotacudo,  sp.  nov.,  $ ,  Chapada. 
78,  78J.    Argia  tupiy  sp.  nov.,  ^,  Chapada. 

79>  79'-     '<^^^<'  iubapiealisy  sp.  nov.,  ^,  Chapada. 


Digitized  by 


Google 


ANNALS  CARNEGIE  MUSEUM.  Voi.  VI. 


Piate  IV 


Digitized  by 


Google 


Digitized  by 


Google 


272  Annals  of  the  Carnegie  Museum. 


Plate  V. 

FlG.  80.  Acanthagrion  gracile  ahluium^  subsp.  nov.,  ^,  near  Coroico,  May  2, 
1899.     ^^^  profile  view,  apez  of  abdomen. 

FiG.  81.  AcanthagrioH  graàU  ascendens^  subsp.  nov.,  ^,  Cachoeira,  same. 
8 la,  outline  of  upper  part  of  abd.  seg.  io,  rear  view. 

FiGS.  82,  82a.     Acanthagrian  apicale,St\ys.     ^,Iquitos.     As  in  the  preceding. 

Fio.  83.  Acanthagrion  cuyaba  freirense^  subsp.  noy.,  ^,  Muniz  Freire.  Left 
profile  view,  apex  of  abdomen. 

Fio.  84.     Acanthagrion  cuyaba fimense^  subsp.  nov.,  ^ ,  Bom  Firn.     Same. 

FiGS.  85,  86.  Acanthagrion  cuyaba^  sp.  nov.,  ^,  Cuyabà.  85,  dorsal  view  of 
superìor  appendages  ;  86,  lefì  profile  view,  apex  of  abdomen. 

Fio.  87.  Acanthagrion  truncatum  Selys,  $ ,  Chapada.  Lefl  profile  view,  apex 
of  abdomen. 

FiGS.  88,  89.  Acanthagrion  chararum,  sp.  nov. ,  ^ ,  Cuyabà.  88,  left  profile 
▼iew,  apez  of  abdomen.     89,  dorsal  view  of  superìor  apendages. 

FiGS.  90,  91.  Acanthagrion  chacohise,  sp.  nov.,  ^,  Fiedra  Bianca.  90,  dorsal 
view  of  superìor  appendages  ;  91,  left  profile  view,  apex  of  abdomen. 

FiG.  92.     Acanthagrion  temporale  Selys.    $ ,  left  profile  view,  apex  of  abdomen. 

FiGS.  93,  94.  Acanthagrion  chirihuanum,  sp.  nov.,  Cujrabà.  93,  left  profile 
view,  apez  of  abdomen  ;  94,  dorsal  view  of  appendages. 

FiGS.  95,  96.  Skiallagnta  simulacrum,  sp.  nov.,  ^,  Cuyabà.  95,  dorsal  view  of 
appendages  ;  96,  left  profile  view,  apez  of  abdomen. 

FiG.  97.     Acanthagrion  ambiguum  Ris,  9»  Villeta.     Hind  margin  of  protborax. 

FlG.  98.     Acanthagrion  cheliferum,  9 1  Santa  Helena.     Same. 

FiG.  99.     Telebasis  corallina  ^ ,  Bahia.     Left  profile  view,  apez  of  abdomen. 

FiGS.  ioo,*ioO0.     Telebasis  carmesina,  sp.  nov.,  ^ ,  Sete  Lagoas.    loo  same  as  99. 

looj,  inner  surface,  rìght  superìor  appendage. 

FiG.  loi.     Telebasis  sanguinalis^  sp.  nov.,  $ ,  Chapada.     Same  as  99. 

FlG.  102.     Telebcuis  carminila,  sp.  nov.,  ^,  Cuyabà.     Same  as  99. 

FiGS.  103,  103X.  Telebasis  coccinata,  sp.  nov.,  $,  Chapada.  103  same  as  99; 
103J,  supero*intemal  view  of  rìght  superìor  appendage. 

FiGS.  104,  105.  Tigriagrion  aurantinigrum,  sp.  nov.,  ^,  Chapada.  104, 
dorsal  view  of  appendages  ;  105,  left  profile  view,  apex  of  abdomen. 
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Platk  vi, 

FiGS.  io6,  107.  MetaleptohasU  diceras^  Selys,  $ ,  Bahia.  106,  left  profile  view 
hind  prothoracic  lobe  and  mesotboracic  horn  ;  107,  dorsal  view  of  same. 

FiGS.  108,  109.     Metaleptobasis  Hcomis  f  Selys,  $ ,  Chapada.     Uke  106  and  107. 

FiGS.  no,  III.  Metaleptobasis  comicauday  sp.  nov.,  ^,  Bahia,  no,  left  profile 
▼iew,  apex  of  abdomen  ;  ni,  dorsal  view  of  appendages. 

FiGS.  112,  113,  115-117.  Leptohasis  mammilariSyS!^.  noT.,  ^,  Chapada,  9  Rio 
de  Janeiro.  112,  dorsal  view  of  appendages  $  \  113,  left  profile  view  of  apex  of 
abdomen  $  \  115,  like  106  and  108,  $  \  116,  like  107  and  109,  ^  ;  117,  hind  pro- 
thoracic lobe,  $ ,  from  in  front. 

FiG.  114.  Metaleptobasis  diceras  Selys,  ^,  Bahia.  Left  profile  view,  apex  of 
abdomen. 

FiGS.  II 8-1 20.  Amphiagriùn  titicaca^  sp.  nov..  Pano.  118,  hind  prothoracic 
lobe  and  mesostigmal  laminse  from  in  front,  $  \  119,  same,  9  »  i^»  ^^^^  profile 
view,  apex  of  abdomen,  $ . 

FiGS.  121,  122.  Ischnuraf  nepos  Selys,  ^,  Piedra  Bianca.  121,  dorsal  view 
of  appendages  ;  122,  left  profile  view,  apex  of  abdomen. 

FiGS.  f  23,  123J.  Enallagma  ?  ovigerum,  sp.  nov.,  $ ,  Sta.  Fé  de  Bogota.  123, 
left  profile  view,  apex  of  abdomen;  123J,  inner  surface  of  right  superior  appendage. 

FlG.  124.  Peristicta  aneoviridis,  sp.  nov.,  ^,  Sapucay.  Dorsal  view,  apex  of 
abdomen. 
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Plate  vii. 

FiG.  125.  Gomphoides  hesperus^z-^,  dov.,  ^,  Qaevedo,  Ecuador.  Left  profile 
▼iew  apical  segments  of  abdomen.  125J,  apez  of  one  superior  appendage  yiewed 
from  above  and  behind,  more  highly  magnified. 

FiG.  126.  Gomphcidesviridipleuris^  sp.  noT.,  ^.  Sapucay,  December,  like  125. 
ladr,  apex  of  left  superior  appendage  in  dorsal  view,  more  higbly  magnified. 

FiG.  127.     Gomphoides  campati,  sp.  noT.,  ^,  Queredo,  Ecuador;  like  125. 

Fio.  128.  PrcgompAusr^c/ùarinaiuSf  sp,iìoy.,  ^,  Cha,ptLdti,  Left  profile  view, 
apex  of  abdomen. 

Fio.  129.     Progontphui  intricatus  Selys,  $  ,  Chapada  ;  like  128. 

Fio.  130.  Micrathyria  ocellata  dentieni^  sp.  nov.,  $  y  Bom  Firn,  Nov.  2;  like 
128. 

Fio.  131.     Dorocordulia  errans^  sp.  nov.,  $ ,  Cbapada?  like  128. 

FiGS.  132,  133.  Ncùcordulia  volxemiStXys,  ^,  Giapada.  132,  left  profile  view 
of  appendagei  ;  133,  dorsal  view,  apez  of  abdomen. 

FiG.  134.  Micrathyria  spinifera,  sp.  nov.,  ^,  Surìnam.  Left  profile  view, 
genitalia  of  abdominal  segment  2. 

FiG.  135.  Micrathyria  dythemoides,  sp.  nov.,  ^,  Surinam;  same  as  fig.  134. 
The  hamules  are  broken  as  indicated  by  dotted  lines. 

FiG.  136.  Micrathyria  macroccrcis,  sp.  nov.,  ^,  Cachoeira.  Left  profile  view, 
apez  of  abdomen. 

FiGS.  137,  138.  Macrothemis  declivata,  sp.  nov.,  ^,  Rio  de  Janeiro.  137,  left 
profile  view,  apez  of  abdomen  ;  138,  dorsal  view,  left  superior  appendage. 
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Plate  Vili. 

(Venation  of  Wings  from  Photographs  by  Dr.  H.  G.  Krìbs.) 

FiG.  139.  Jìeliocharis  amatona,  Selys,  ^,  Chapada. 

FiG.  140.  Perilestes  fragilis  t  Hagen,  Chapada. 

FiG.  141.  Diargia  bùellulata^  sp.  nov.,  Chapada. 

Fio.  142.  Oyagrton  evamscens,  sp.  dot.,  Chapada. 

Fio.  143.  Tigriagrian  aurarUinigrum,  sp.  nov.,  Chapada. 

Fio.  144  Argia  thisma,  sp.  nov  ,  Chapada. 
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Plate  IX. 

FiG.  145.     Uracis  wiposiirix,  sp.  nov.,  9,  Giapada. 

F16.  146.     Gymnothemis  venipunctata^  gen.  et  sp.  dot.,  ^,  Chapada. 

FiG.  147.     Brechmorhoga  heteronycha^  sp,  nov. ,  J ,  Chapada,  May. 

FiG.  148.     Rhodopygia  hollandi  Gilvert,  $ ,  Cuyabà. 

FiGS.  149-15 1.  Lais  pudica  Hagen,  Chapada,  3  $  of  different  ages  showing  the 
replacement  of  the  brown  of  the  wings  of  the  youngest  individuals  by  red  in  later  life. 

FiGS.  152,  153.     ffetarina  fuscibasiSt  sp.  nov.,  Chapada,  $  and  9* 

FiG.  154.  Erythemis  hamatogastra  Bunneister,  $,  Cachoeira  Cuyabà,  January 
27.     For  comparìson  with  Rhodopygia  hollandi  as  possible  examples  of  mimicry. 

FiG.  155.     ZaxV/M/xVa  Hagen,  9 ,  Chapada 
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I      INTRODUCTION 

It  has  long  been  known  that  various  animals,  among  them 
certain  of  the  rotifers,  tardigrades,  and  the  smaller  nematode 
worms,  can  survive  conditions  fatai  to  most  other  organisms. 
Although  normally  living  in  water,  or  at  least  under  conditions 
of  moisture,  these  animals  may  be  dried  for  long  periods  of  time 
without  serious  injury.     They  are  found  in  countless  numbers  in 
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the  dust  from  the  gutters  of  roofs  and  other  places  where  water 
is  accustomed  to  stand  at  intervals,  and  even  after  prolonged 
drying  the  addition  of  a  little  water  is  ali  that  is  necessary  to  stan 
them  into  activity.  While  in  the  dried  condition  they  show  no 
visiblesigns  of  life.  Ali  movements  cease  and  the  body  frequently 
shrinks  to  a  shapeless  mass  so  that  it  is  difficult  to  distinguish  them 
from  the  particles  of  sand  among  which  they  are  found.  When 
water  is  again  applied  the  body  gradually  regains  its  originai 
form,  movements  appear,  and  after  a  longer  or  shorter  time, 
depending  on  the  conditions  of  the  desiccation,  the  animals  re- 
sumé their  normal  activities  apparently  none  the  worse  for  the 
experience.  Not  only  may  they  be  dried  naturally  in  the  air  but 
they  may  be  subjected  artificially  to  even  more  extreme  conditions. 
Various  observers  bave  kept  them  in  desiccators  and  vacua  for 
long  periods  of  time  and  bave  subjected  them  to  temperatures  at 
which  life  ordinarily  is  impossible,  without  destroying  their  power 
of  again  resuming  their  normal  activities  upon  the  application  of 
water. 

The  length  of  time  the  animals  may  remain  in  this  state  of  sus- 
pended  animation  is  often  considerable;  there  are  well  authenti- 
cated  cases  of  rotifers,  whose  usuai  period  of  life  is  probably  not 
more  than  a  few  weeks  or  months  at  most,  which  bave  been 
revived  after  a  period  of  desiccation  extending  over  three  or  four 
years;  one  observer  even  claims  to  bave  revived  them  after  fifteen 
years  '  desiccation.  In  the  case  of  the  Anguillulidae  even  longer 
periods  bave  been  recorded;  Baker  in  1771  succeeded  in  reviving 
individuals  of  Tylenchus  scandens  which  had  remained  in  a  dried 
condition  in  grains  of  wheat  for  27  years. 

As  to  the  principal  facts  just  given  there  seems  to  be  little  doubt. 
They  bave  been  confirmed  by  numerous  observers  and  anyone 
may  repeat  for  himself  with  little  trouble  the  experiments  on  which 
they  are  based.  In  the  interpretation  cf  these  facts,  however, 
there  has  been,  and  stili  is,  much  diversity  of  opinion.  What  is 
the  actual  efFect  of  drying  on  the  rotifer  or  tardigrade  ?  Is  the 
water  contained  in  its  tissues  really  removed  or  does  the  animai 
bave  some  means  of  protecting  itself  against  the  loss  of  water,  the 
desiccation  being  only  apparent  ?     If  the  former  be  the  case,  what 
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is  the  condition  of  the  dried  animai  ?  Are  its  Hfe  processes  merely 
retarded  or  have  they  come  to  a  complete  standstill  ?  In  the 
revival  of  a  dried  animai  by  the  application  of  water,  are  we  deal- 
ing,  as  many  have  supposed,  with  a  case  of  passage  from  death  to 
life  or  merely  with  an  acceleration  of  vital  processes  which  have 
been  continuing  ali  the  while  but  in  a  greatly  reduced  state  ? 

These  and  similar  questions  have  been  under  discussion  for 
many  years  and  as  yet  no  unanimity  of  opinion  has  been  reached 
by  zoòlogists  in  regard  to  them.  Every  point  has  been  affirmed 
and  denied  many  times  by  equally  capable  men.  Much  of  the 
discussion  on  the  subject  has  been  pure  speculation  based  on 
neither  observation  nor  experiment  and  hence  is  of  little  value; 
however,  even  the  most  careful  observers  have  difFered  radically 
with  each  other  on  many  points  of  importance,  the  observations 
of  one  worker  being  contradicted  by  the  apparently  equally  accu- 
rate observations  of  another  worker.  The  result  is  that  the  ques- 
tion  even  at  the  present  day  is  in  a  state  of  the  greatest  confusion 
and  uncertainty  and  is  stili  far  from  being  finally  settled. 

It  was  with  the  intention  of  clearing  up  some  of  these  points  of 
dispute  that  the  present  piece  of  research  was  undertaken  in  the 
fall  of  1906  at  the  suggestion  of  Prof.  E.  G.  Conklin.  It  gives  me 
great  pleasure  to  express  at  this  point  my  sense  of  deep  indebted- 
ness  to  him  not  only  for  suggesting  the  subject  but  for  the  inter- 
est he  has  taken  in  the  work  and  for  the  many  helpful  suggestions 
and  criticisms  he  has  ofFered.  The  experiments  were  performed 
in  the  Zoòlogical  Laboratory  of  the  University  of  Pennsylvania 
during  the  years  1906-1907  and  1907-1908.  During  the  course 
of  the  work  a  number  of  points  of  interest  somewhat  off  of  the 
main  line  of  the  investigation  came  up;  some  of  these  points  are 
touched  upon  in  the  present  paper,  others  are  stili  under  investi- 
gation and  are  reserved  for  subsequent  publication. 

The  animai  worked  upon  was  Philodina  roseola,  one  of  the 
Bdelloid  rotifers,  and  in  ali  cases  except  where  otherwise  expressly 
stated  it  will  be  understood  that  the  observations  apply  to  this 
form.  Philodina  was  chosen  partly  on  account  of  the  ease  with 
which  it  could  be  obtained,  making  experiments  on  large  numbers 
of  individuais  possible,  and  partly  because  it  shows  the  phenom- 
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enon  of  revival  after  desiccation  in  a  particularly  favorable  way. 
A  limited  number  of  observations  were  made  on  Adineta  (Calli- 
dina)  vaga,  a  nearly  related  forni,  but  these  show  practically  no 
points  of  difFerence  from  those  made  on  Philodina. 

II      HISTORICAL 

In  the  year  1701,  Anton  von  Leeuwenhoek  in  searching  for 
new  objects  to  examine  under  bis  microscope  chanced  to  take 
some  of  the  dry  dust  from  the  gutter  of  a  roof  and  on  moistening 
it  was  greatly  astonished  to  see  after  a  time  living  animals  swim- 
ming  about  actively  in  the  water.  Struck  with  the  observation 
he  again  allowed  the  animals  to  dry  and  on  moistening  them  the 
next  day  with  water  previously  boiled  by  way  of  precaution  against 
introducing  any  life  from  outside  sources,  he  obtained  the 
same  result.  Further  experiments  convinced  him  that  these  ani- 
mais,  which  were  rotifers,  probably  belonging  to  the  species  Roti- 
fer  vulgaris,  might  be  deprived  of  water  for  at  least  several  months 
without  losing  the  power  of  recovering  their  normal  activities 
when  water  was  again  supplied.  This  was  the  first  observation 
to  be  made  on  the  phenomenon  of  desiccation  with  subsequent 
revival  in  animals;  strangely  enough  it  attracted  little  attention  at 
the  time.  Leeuwenhoek  believed  that  the  animals  themselves 
were  not  ttuly  dried  but  that  they  were  protected  by  an  impene- 
trable  cuticle  from  loss  of  water  *  *  *  "cuticulas  ex  tam 
solida  conflatas  esse  materia  ut  ne  miniman  quidem  permittant 
exhalationem.  Quod  si  sese  aliter  haberet,  asserere  non  vereor 
haec  animalcula  *  *  *  onni  aqua  destituta  necessario  omnia 
esse  emoritura." 

The  next  mention  of  the  subject  was  made  in  1743  by  an  Eng- 
Hshman,  Turbervill  Needham,  who  observed  minute  worms  to 
issue  from  grains  of  wheat  when  water  was  applied  to  them.  To 
use  bis  expression  they  "took  life"  on  the  application ofmoisture. 
In  the  same  year  another  Englishman,  Henry  Baker,  again  called 
the  attention  of  naturalists  to  the  rotifers  discovered  by  Leeu- 
wenhoek, but  he  contented  himself  with  merely  repeating  that 
writer's  description  of  them  and  it  was  not  until  ten  years  later 


Digitized  by 


Google 


Ejfects  of  Desiccation  on  the  Rotifer  211 

that  he  discusseci  the  subject  on  his  own  account.  Needham's 
discovery  excited  considerable  attention  but  was  for  the  most 
part  received  with  incredulity.  That  living  organisms  could  be 
dried  and  after  remaining  apparently  lifeless  for  a  time  be  caused  to 
"take  life"  by  the  application  of  water  seemed  so  incredible 
to  the  scientists  of  the  day  that  they  preferred  either  to  deny  the 
animai  nature  of  the  worms  altogether,  calling  them  "filaments 
animés,"  "fibres  mouvantes"  or  "etuis  pleins  deglobules  mobiles*' 
which  were  staned  into  movement  by  the  imbibition  of  water  or 
to  assert  that  they  arose  by  spontaneous  generation.  It  was  not 
until  the  time  of  Fontana  (1771)  and  RofFredi  (1775)  that  the  ani- 
mal  nature  of  these  anguillulids  was  established  beyond  ali  doubt. 

In  the  meantime  other  men  were  making  similar  observations. 
Among  the  earliest  of  these  may  be  mentioned  Trembley  (1747)» 
Baker  (1753),  SchaefFer  (1755),  Ginnani  (1759),  Ledermiìller 
(1759),  Fontana  (1768),  Gòze  (1772),  Corti  (1774),  Miiller 
(1775)  and  RofFredi  (1775).  The  list  of  the  animals  capable  of 
enduring  desiccation  was  also  increased  during  this  period.  Leder- 
miìller in  1759  had  observed  the  revival  of  "paste  eels/'  Fontana 
in  1768  of  Gordius,  and  Spallanzani  in  1776  of  tardigrades  and 
the  anguillulids  found  in  the  dust  of  roofs.  Later  observers  added 
several  new  forms  and  increased  the  list  of  rotifers  and  tardigrades 
which  show  this  peculiarity. 

The  history  of  our  exact  knowledge  of  the  phenomenon  of  sus- 
pended  animation  dates  from  the  publication  in  1 776  of  Spallanzani's 
*' Opuscoli  di  Fisica  Animale  e  Vegetabile."  The  section  of  this 
work  relating  to  the  desiccation  of  animals  is  a  model  of  scientific 
research.  Spallanzani,  unlike  most  of  his  contemporaries,  tested 
his  theories  by  actual  experiments  and  these  experiments  were 
often  carried  out  with  great  care  and  considerable  ingenuity. 
If  other  workers  had  used  the  same  amount  of  care  the  subject 
would  be  in  a  far  less  confused  state  than  it  is  at  the  present  day. 
Spallanzani  first  repeated  the  experiments  of  Leeuwenhoek  and 
made  the  observation,  which  has  been  confirmed  by  a  number  of 
subsequent  workers  on  the  subject,  that  rotifers  can  recover  their 
activity  after  a  period  of  drying  only  when  a  certain  amount  of 
sand  or  moss  is  present;  when  dried  on  a  clean  glass  slide  they  are 
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invariably  killed.  He  considered  this  result  to  be  due  to  the  inju- 
rious  efFect  of  the  air  on  the  dried  animals,  the  sand  protecting 
them  from  its  action.  He  made  many  other  interesting  observa- 
tions,  fot  example,  on  the  effect  of  high  temperatures  on  animals 
in  different  degrees  of  desiccation,  on  the  number  of  times  they 
may  be  dried  without  being  killed  and  the  effect  on  them  of  vari- 
ous  chemical  substances.  Unlike  Leeuwenhoek  he  believed  that 
the  rotifers  could  endure  the  withdrawal  of  the  last  traces  of  water 
from  their  bodies.  He  was  able  to  revive  them  after  subjecting 
them  while  in  the  dried  state  to  the  desiccating  action  of  high 
temperatures  and  the  vacuum.  There  was  no  doubt  in  bis  mind 
that  the  process  of  desiccation  caused  an  actual  stoppage  of  the 
life  processes  and  that  the  animals  in  the  dried  condition  were  to  be 
considered  as  dead.  He  entitled  bis  paper,  **Observations  and 
experiments  on  certain  marvelous  animals  which  the  observer 
can  at  bis  will  make  pass  from  death  to  life.  " 

Spallanzani's  work  naturally  excited  great  interest  and  gave 
rise  to  much  discussion.  The  statement  that  animals  could  be 
brought  back  to  life  after  being  dead  for  a  time  could  not  be 
allowed  to  pass  unchallenged  by  the  physiologists  of  the  day  and 
many  heated  controversies  arose  between  those  who  supported 
Spallanzani  and  those  who  opposed  him.  Among  those  who 
engaged  in  the  discussion  may  be  mentioned  such  distinguished 
naturalists  as  Haller,  Cuvier,  Oken,  Humboldt,  Lamarck,  Tre- 
viranus,  and  Johannes  Miiller.  The  controversies  for  the  most 
part,  however,  were  carried  on  on  purely  theoretical  grounds  and 
had  little  experimental  evidence  to  back  them.  From  the  time  of 
Spallanzani  to  the  time  of  Doyère,  a  period  of  sixty  years,  although 
the  question  continued  to  be  one  of  the  most  discussed  in  the  whole 
realm  of  physiology,  practically  no  new  facts  were  added  to  our 
knowledge  of  the  subject. 

On  the  whole,  the  opponents  of  Spallanzani  seemed  to  gain  the 
upper  band.  This  was  largely  due  to  the  apparently  convincing 
arguments  advanced  by  two  men,  Ehrenberg  in  Germany  and 
Bory  St.  Vincent  in  France.  Both  of  these  workers  not  only 
denied  that  dead  rotifers  could  be  brought  back  to  life  but  asserted 
that  recovery  after  true  desiccation  was  impossible.     The  unde- 
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niable  fact  that  rotifers,  tardigrades,  and  anguillulids  may  be 
obtained  from  apparenti/  dry  sand  they  explained  in  difFerent 
ways.  Ehrenberg,  on  the  one  hand>  contended  that  actual  dry- 
ing  does  not  occur,  the  sand  protecting  them  from  loss  of  water 
"as  a  woolen  mantle  protects  the  Arab  from  the  intense  beat  of 
the  desert.  "  He  believed  that  in  this  state  of  apparent  desicca- 
tion ali  of  the  vital  processes  continued,  even  reproduction.  Bory 
St.  Vincent,  on  the  other  band,  believed  that  the  animals  in  ques- 
tion  could  not  survive  a  period  of  drying  even  when  sand  was 
present  and  that  their  apparent  revival  was  due  to  the  hatching 
of  eggs  concealed  in  the  sand.  "Nous  avons  quelquefois  *  *  * 
retrouvé  des  Rotifères  *  *  *  mais  ils  n'y  ressuscitaient  pas; 
ils  s'y  développaient  comme  les  Daphnies  et  autres  petits  ento- 
mostracés,  dont  les  ovules  sont  demurés  dans  le  sol." 

The  next  worker  to  take  up  the  subject  in  a  scientific  manner  was 
the  French  naturalist  Doyère.  So  great  was  the  authority  of  Ehren- 
berg and  Bory  St.  Vincent  and  so  plausible  their  reasoning  that  he 
had  been  led  to  doubt  the  accuracy  of  Spallanzani's  observations  or 
at  least  to  regard  the  matter  as  worthy  of  further  investigation.  He 
accordingly  undenook  a  series  of  experiments,  published  in  1842, 
with  the  result  that  Spallanzani's  conclusions  were  in  the  main 
confirmed.  He  found,  however,  that  the  animals  are  not  always 
killed  in  the  absence  of  sand,  a  certain  proportion  of  those  dried 
on  a  clean  slide  recovering,  although  requiring  a  mach  longer  time. 
Furthermore,  he  showed  that  it  is  not  the  exposure  to  the  air  that 
injures  the  rotifers  and  tardigrades  in  this  case  as  Spallanzani 
had  supposed,  since  animals  dried  in  the  air  and  then  placed  in  a 
vacuum  showed  a  lower  mortality  than  those  dried  directly  in  the 
vacuum.  He  concluded  that  the  rapidity  of  drying  is  an  important 
factor  in  the  effect  of  the  desiccation.  He  furthermore  showed 
that  rotifers  may  be  revived  after  an  apparently  almost  perfect 
desiccation.  He  found  that  they  could  endure  a  sojourn  of  17 
days  in  a  desiccator  foUowed  by  28  days  in  an  air  pump  with  a 
pressure  of  5-6  centimeters  of  mercury  and  that  after  thorough 
drying  in  the  sunlight  a  temperature  of  140^  C.  or  more  could  be 
resisted  for  a  brief  period.  He  concluded,  therefore,  that  the  last 
traces  of  water  might  be  extracted  without  destroying  the  power 
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of  revival,  and  that,  since  life  processes  are  impossible  in  the 
absence  of  water,  in  the  dried  animai  we  are  dealing  vsrith  a  case 
of  life  in  poteniia  as  opposed  to  life  in  actu.  These  contentions 
were  supported  by  observations  made  several  years  later  by  the 
physicist  Gavarret,  who  subjected  rotifers  to  the  action  of  a  vacu- 
um  of  only  4  mm.  pressure  for  51  days,  sulphuric  acid  being 
present  to  absorb  ali  traces  of  free  moisture,  and  yet  was  able 
to  revive  them  by  the  application  of  water. 

About  the  same  time  Pouchet,  foUowed  by  Pennetier  and  Tinel, 
obtained  results  which  were  diametrically  opposed  to  those  of 
Doyère.  Numerous  carefuUy  conducted  experiments  led  these 
naturalists  to  believe  that  a  true  desiccation  is  invariably  fatai  in 
the  case  of  rotifers,  tardigrades,  and  anguillulids  just  as  in  other 
animals.  They  found  in  ali  of  their  experiments  that  these  ani- 
mais  when  dried  on  a  glass  slide  either  vsrith  or  without  a  small 
quantity  of  sand  are  killed  in  the  course  of  a  few  days  even  at  ordi- 
nary  temperatures  and  that  individuai  dried  under  more  naturai 
conditions  cannot  resist  an  hour's  exposure  to  a  temperature  of 
100°  C.  Pouchet  even  found  that  rotifers  and  tardigrades  obtained 
in  a  dried  condition  from  naturai  sources  were  ali  killed  in  three 
months  when  exposed  to  the  air  in  a  sunny  place.  Ali  of  these 
results  were  presumably  due  to  the  loss  of  water  by  the  animals 
when  exposed  to  unfavorable  conditions. 

Since  the  views  of  Pouchet,  Pennetier,  and  Tinel  on  the  one 
band  and  Doyère  and  Gavarret  on  the  other,  difFered  so  widely 
and  since  both  seemed  to  be  based  on  equally  careful  experiments, 
it  was  decided,  instead  of  wasting  time  in  fruitless  discussion,  to 
submit  the  matter  to  arbitration.  Accordingly  a  commission  was 
appointed  in  1859  by  the  Société  de  Biologie  consisting  of  MM. 
Balbiani,  Berthelot,  Brown-Séquard,  Dareste,  Guillemin,  Ch. 
Robin,  and  Broca,  chairman,  to  bear  the  evidence  presented  by 
both  sides,  to  perform  any  experiments  of  their  own  they  might 
consider  necessary,  and  to  present  the  result  of  their  deliberations 
in  the  form  of  a  report  to  the  society.  This  commission  dis- 
charged  its  duty  with  the  greatest  thoroughness.  It  held  forty- 
two  regular  sessions  without  counting  the  times  when  a  few  of 
its  members  met  for  discussion.     The  examination  of  the  evidence 
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presented  by  both  sides  in  the  form  of  experiments  occupied  several 
months  and  the  final  report  of  the  commission  presented  in  March, 
1860,  covers  a  hundred  and  forty  printed  pages.  This  report 
on  the  whole  sustains  the  contentions  of  Doyère,  not  because  of 
any  inaccuracies  in  Pouchet's  results,  but  because  they  are  largely 
negative  in  nature  while  Doyère's  are  positive.  It  concludes 
with  the  words,  "  des  animaux  *  *  *  aménés  au  degré  de  dessic- 
cation  le  plus  complet  qu'on  puisse  réaliser  dans  Tétat  actuel  de  la 
science,  peuvent  conserver  encore  la  propriété  de  se  ranimer  au 
contact  de  Teau.  "  Although  the  language  employed  in  the  report 
is  rather  guarded,  it  evidently  was  the  opinion  of  the  commission 
that  life  under  these  conditions  could  exist  only  in  potentia. 

The  results  obtained  by  this  commission  as  well  as  those  of 
Doyère  and  Spallanzani  are  contradicted  by  the  observations  of 
some  of  the  more  recent  workers  on  the  subject.  In  1873  H. 
Davis,  a  member  of  the  Royal  Microscopical  Society  and  a  student 
of  rotifers  published  a  paper  which  has  since  been  largely  quoted 
and  in  which  he  stated  bis  conclusions  that  in  Philodina,  at  least, 
the  desiccation  when  followed  by  revival  is  only  an  apparent  one, 
the  animai  being  able  to  protect  itself  by  means  of  a  gelatinous 
secretion  against  the  loss  of  its  body  fluids.  He  demonstrated 
how  such  a  secretion  could  be  effective  by  showing  that  grapes 
covered  with  a  thin  coating  of  gelatine  remained  in  a  juicy  condi- 
tion  for  a  long  time  even  in  the  vacuum  of  an  air  pump  while  grapes 
not  thus  treated  soon  lost  their  water  and  assumed  a  shriveled 
appearance.  The  fact  that  rotifers  dried  with  a  small  quantity 
of  sand  are  capable  of  recovery  even  after  a  prolonged  exposure 
to  extreme  conditions  while  those  dried  on  a  clean  slide  for  a  much 
shorter  time  are  not,  had  always  been  more  or  less  puzzling  to 
naturalists  since  it  was  first  observed  by  Spallanzani.  It  received 
a  ready  explanation  on  Davis'  theory,  it  being  assumed  that  in 
the  former  case  where  drying  was  slow  the  animai  had  time  to 
protect  itself  by  pouring  out  a  secretion,  while  in  the  latter  case 
drying  was  so  rapid  that  the  animai,  not  being  able  to  form  its 
usuai  protection,  was  killed.  This  explanation  was  so  simple  and 
so  in  accord  with  the  facts  known  for  other  animals  that  it  was 
immediately  accepted  by  many  and  at  the  present  day  is  stili 
frequently  quoted. 
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Certain  of  the  most  recent  investigators  have  gone  even  far- 
ther  than  Davis.  O.  Zacharias  ('86),  for  example,  on  the  basis 
of  several  observations  made  on  a  species  of  Philodina  has  tried 
to  discredit  the  whole  subject  of  the  revivification  of  desiccated 
animals.  According  to  him,  rotifers  can  resist  drying  no  better 
than  other  aquatic  animals;  when  withdrawn  from  water  they  are 
invariably  killed.  Like  Bory  St.  Vincent  he  considers  the  many 
cases  of  supposed  revival  to  be  due  to  the  hatching  of  eggs  which 
by  virtue  of  their  thick  shells  are  able  to  resist  drying  the  same 
as  the  eggs  of  insects  or  other  animals.  The  fact  that  revival 
is  commonly  supposed  to  occur  in  the  presence  of  sand  he  regards 
as  strong  confirmatory  evidence  since  it  is  to  be  supposed  that 
concealed  in  the  sand  there  might  easily  be  many  eggs  which 
would  escape  the  notice  of  the  observer.  He  concludes  his  paper 
with  the  words  *  *  *  ''es  einzig  und  allein  die  Eier  sind  durch 
welche  die  continuierliche  Generation  ensfolge  aufrecht  erhalten 
wird.*' 

F.  Faggioli  ('91)  as  the  result  of  a  number  of  observations  and 
experiments  on  several  species  of  rotifers  comes  to  the  same  con- 
clusion.  Like  Zacharias  he  regards  the  stories  of  the  revival  of 
animals  submitted  to  conditions  of  desiccation  as  myths  based 
on  imperfect  observations.  Perhaps  his  position  may  best  be 
summed  up  in  the  foUowing  quotation  from  Fredericq  ('89)  which 
he  cites  in  his  paper.  *'Les  Rotifères  et  les  Tardigrades  adults 
meurent  sans  retour  quand  on  les  desseche.  Mais  les  oeufs  qu'ils 
ont  generalement  dans  le  corps  ne  sont  pas  dans  le  meme  cas. 
Ces  oeufs  conservent  leur  vitalité  malgré  l'absence  d'eau.  Places 
ensuite  dans  un  milieu  convenable  et  humide  ils  se  développent 
avec  rapidité  et  donnent  naissance  à  une  nouvelle  generation  de 
jeunes  animaux  que'lon  avait  à  tort  considérés  comme  résultant 
de  la  réviviscence  du  corps  de  leurs  parents." 

It  is  seen  from  this  short  historical  review  that  the  entire  subject 
is  in  a  very  unsatisfactory  state.  On  scarcely  any  point  is  there 
any  general  agreement.  Ali  observers,  perhaps,  will  admit  that 
it  is  possible  to  obtain  living  animals  from  sand  that  is  apparently 
dry  but  further  than  this  there  is  no  consensus  of  opinion.  One 
body  of  observers  represented  by  Bory  St.  Vincent,  Zacharias  and 
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Faggioli  claim  that  the  animals  come  from  eggs  concealed  in  the 
sand  in  the  dead  bodiesof  the  parents,  the  latterhavingof  necessity 
been  killed  by  the  exposure  to  the  conditions  of  dryness.  Another 
body,  represented  by  Leeuwenhoek,  Ehrenberg,  Pouchet,  Davis, 
and  Hudson,  although  admitting  that  adult  rotifers  may  survive 
even  prolonged  conditions  of  desiccation,  consider  that  they  are 
able  to  do  so  only  in  virtue  of  some  effective  means  of  preventing 
the  escape  of  water  from  their  tissues,  the  condition  of  the  animai 
in  the  dried  state  therefore  not  differing  in  any  essential  respect 
from  its  normal  state.  Stili  others,  among  them  Spallanzani, 
Schultze,  Doyère,  Gavarret  and  Preyer  consider  that  the  desicca- 
tion is  a  true  one  and  may  continue  theoretically  up  to  a  point  of 
absolute  dryness  without  injury  to  the  animai.  They  either  state 
specifically  that  the  animai  in  this  condition  is  Hfeless  or  tacitly 
assume  such  to  be  the  case.  Other  observers,  while  admitting 
that  desiccation  may  proceed  very  far,  consider  that  the  life  pro- 
cesses  never  come  to  a  complete  standstill  although  they  may  be 
very  greatly  retarded. 

It  is  the  purpose  of  the  present  paper  to  consider  the  évidence 
for  these  various  views  and  to  attempt  to  reduce  the  subject  to  a 
state  of  greater  certainty  than  that  in  which  it  now  rests.  The 
two  points  which  will  chiefly  be  considered  are  first,  whether  or 
not  the  animai  sufFers  a  true  desiccation  and,  second,  what  is  the 
state  of  the  vital  processes  of  the  animai  in  the  absence  of  water. 
Befare  proceeding  to  the  observations  and  experiments  on  which 
the  conclusions  of  the  paper  are  based,  a  brief  account  will  be 
given  of  the  structure,  naturai  history,  and  behavior  of  Philodina 
to  render  more  intelligible  that  which  is  to  follow. 

Ili      STRUCTURE    AND   NATURAL   HIStORY   OF    PHILODINA 

Philodina  roseola  is  one  of  the  commonest  of  the  rotifers,  be- 
longing  to  the  order  Bdelloida  of  which  the  common  rotifer,  Roti- 
fer vulgaris,  is  also  a  member.  It  is  widely  distributed  through- 
out  the  world,  being  frequently  found  in  small  basins  in  the  rocks 
in  which  water  periodically  collects;  a  favorite  habitat  is  in  the 
stone  urns  in  cemeteries.     It  is  usually  associated  with  the  uni- 
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cellular  alga,  Spaehrella  lacustris  (Haematococcus  pluvialis),  on 
which  it  feeds  and  from  which  it  appears  to  derive  the  red  color 
which  gives  it  its  specific  name.  In  size,  it  is. microscopie,  being 
barely  visible  as  a  minute  speck  to  the  naked  eye.  Adult  individ- 
uals  when  fully  extended  measure  from  0.35  to  0.5  mm.  in  length 
and  when  contracted  from  0.1  to  0.15  mm.  The  newly  hatched 
young  are  about  five-eighths  as  long  as  the  adults  which  they 
resemble  closely  except  in  being  colorless  and  in  having  a  more 
transparent  alimentary  tract. 

The  members  of  the  group  Bdelloida  are  peculiar  among  the 
rotifers  in  their  method  of  locomotion.  In  addition  to  their  swim- 
ming  movements  which  resemble  those  of  other  rotifers,  they  are 
able  to  creep  over  the  surface  of  solid  objects  like  a  leech,  hence 
the  name  applied  to  them.  These  creeping  movements  are  ren- 
dered  possible  by  the  telescopic  structure  of  the  body,  which  may 
readily  be  extended  or  contracted,  and  by  the  presence  at  its  ante- 
rior  end  of  a  so-called  proboscis  by  means  of  which  adhesion  to 
solid  objects  is  possible.  The  proboscis  of  Philodina  is  fairly  stout 
and  when  the  trochal  disc  has  been  withdrawn  vnthin  the  body,  as 
it  always  is  when  the  animai  is  creeping,  it  appears  to  form  the 
anterior  end  of  the  body.  When  the  trochal  disc,  which  consists 
e  f  two  ciliated  Idbes  which  the  earlier  observers  mistook  for  wheels, 
is  extended,  the  proboscis  is  drawn  back  so  as  to  lie  behind  and 
dorsal  to  it.  In  creeping,  the  animai  first  fastens  its  foot  by  means 
cf  a  sticky  substance  secreted  by  the  cement  glands  contained  in 
it;  the  proboscis  is  then  attached  and  the  foot  drawn  forward,  the 
body  shortening  and  arching  itself,  like  that  of  a  leech  or  a  '*meas- 
uring  worm.*'  The  foot  is  then  again  attached  and  the  body 
extended.  These  movements  may  occur  with  considerable  rapid- 
ity  although  the  progress  of  the  animai  is  not  so  fast  as  when  swim- 
ming.  As  a  rule  a  high  temperature  and  fresh  water  favor 
swimming  movements  and  low  temperatures  and  foul  water  creep- 
ing movements. 

Extemally  Philodina  is  covered  with  a  fairly  thick  cuticle  which 
in  the  regions  of  the  head  and  foot  is  divided  into  a  number  of  seg- 
ments  by  alternate  stiff  and  flexible  portions.  By  an  inroUing 
of  the  flexible  regions  the  stifFer  parts  are  allowed  to  fit  within  one 
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another  and  a  sort  of  telescoping  of  the  body  is  thus  permitted. 
When  fuUy  contracted  the  head  and  tail  are  drawn  entirely  within 
the  large  segment  which  covers  the  middle  of  the  body  and  both 
ends  of  the  latter  are  puckered  together  as  if  drawn  in  with  a  string. 
The  animai  in  this  condition  is  shaped  like  a  lemon  and  is  well 
fitted  to  resist  the  injurìous  effects  of  desiccation.  The  part  of 
the  cuticle  that  is  outermost,  that  is,  that  which  surrounds  the 
middle  of  the  body,  is  thicker  than  the  parts  that  cover  the  head 
and  tail.  It  is  also  somewhat  difFerent  in  chemical  nature  as  is 
shown  by  the  fact  that  when  living  animals  are  placed  in  a  weak 
solution  of  methylene  blue  it  is  only  part  of  the  body  that  takes  the 
stain.  This  is  true  either  of  contracted  animals  or  those  that  are 
creeping  or  swimming.  In  the  latter  case  a  blue  band  appears 
about  the  middle  of  the  body,  the  head  and  foot  remaining  color- 
less.  The  fact  that  that  part  of  the  cuticle  which  alone  is  exposed 
at  the  time  of  drying  should  be  of  a  difFerent  nature  from  the  re- 
mainder is  probably  significant.  Perhaps  it  may  be  more  imperme- 
able  to  water  and  thus  check  the  rapidity  of  evaporation.  Whether 
or  not  it  is  a  complete  protection  will  be  considered  in  another 
•  place.  Within  the  cuticle  and  the  hypodermis  which  secretes  it 
are  found  the  muscles;  these  are  especially  well  develo ped  in  Phil- 
odina  on  account  of  its  habit  of  contracting  and  extending  the 
body.  They  are  both  longitudinal  and  circular,  the  former  serv- 
ing  to  draw  the  head  and  foot  together  at  the  time  of  contraction 
and  the  latter  by  exerting  a  pressure  on  the  fluids  of  the  body  to 
cause  their  extension.  In  a  rotifer  dried  slowly  enough  to  retain 
its  naturai  form,  the  position  of  these  muscles  may  be  observed 
in  the  form  of  slight  thickenings  beneath  the  cuticle. 

The  vario  US  internai  organs  are  much  the  same  as  those  of  other 
rotifers.  The  mastax  is  well  developed  and  the  walls  of  the 
stomach  are  thick  and  glandular.  They  usually  appear  more  or 
less  yellowish,  greenish,  or  sometimes  a  deep  brick  red,  depending 
on  the  amount  of  pigment  present  in  the  cells  of  Sphaerella  on 
which  the  animals  are  feeding.  The  nephridia  are  fairly  conspic- 
uous  and  under  the  higher  powers  of  the  microscope  it  is  easy  to 
observe  the  peculiar  flickering  movement  of  the  flame  cells.  A 
contractile  vesicle  is  present  into  which  the  nephridia  discharge 
their  products. 
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The  method  of  reproduction  of  Philodina  is  of  interest.  There 
are  two  ovaries,  one  on  each  side  óf  the  alimentary  canal,  and  each 
is  combined  with  a  large  vitellarium.  The  eggs  undergo  a  partial 
development  within  the  body  of  the  mother  and  at  the  time  of 
laying  are  relatively  large  and  are  protected  by  fairly  thick  shells. 
The  point  of  special  interest*  in  connection  with  the  reproduction 
of  Philodina  is  that  there  are  no  male  individuai;  this  is  also  true 
of  the  other  members  of  the  group  Bdelloida.  Although  these 
animals  are  among  the  comnnonest  of  our  rotifers  and  bave  been 
under  observation  for  over  two  hundred  years,  males  bave  never 
been  observed,  and  it  seems  reasonably  certain  that  they  do  not 
exist.  Parthenogenesis  appears  to  be  the  only  method  of  repro- 
duction. 

The  eggs  batch  two  or  three  days  after  being  laid  and  the  young 
from  the  first  behave  exactly  like  the  adults  which  they  closely 
resemble  in  most  respects.  They  seem  to  be  somewhat  less  resist- 
ant  to  desiccation,  but  there  is  much  individuai  variation  and  the 
difFerence  is  not  very  great  in  any  event.  They  feed  freely  and 
grow  rapidly;  egg  laying  may  begin  seven  or  eight  days  after 
hatching  at  which  time  they  bave  not  yet  reached  their  full  size. 

As  to  the  length  of  life  of  Philodina  under  favorable  conditions, 
unfortunately  nothing  definite  can  be  said  except  that  it  is  con- 
siderably  longer  than  has  been  supposed  in  the  case  of  other  roti- 
fers. Hydatina  is  said  to  live  about  two  weeks;  in  the  course  of 
these  experiments  rotifers  isolated  at  the  time  of  hatching  bave 
been  kept  alive  for  more  than  six  weeks,  and  under  more  favorable 
conditions  they  would  probably  bave  lived  stili  longer. 

IV      THE    BEHAVIOR   OF    PHILODINA 
/     Behavior  under  Ordinary  Conditions 

The  behavior  of  Philodina  is  more  complicated  than  that  of 
most  rotifers  owing  to  the  two  different  modes  of  locomotion. 
Ordinarily  the  animals  are  found  in  one  of  the  follo wing  four  states, 
(i)  swimming,  (2)  creeping,  (3)  attached  by  the  foot  and  feeding 
or  (4)  contracted.     The  causes  which  determine  the  succession 
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of  these  states  in  a  given  individuai  have  not  yet  been  worked  out 
in  detail  although  the  problem  presents  a  number  of  points  of 
interest.  A  swimming  individuai  behaves  in  mach  the  same  man- 
ner  as  the  forms  described  by  Jennings  ('04)  ;  orientation  in  response 
to  any  stimulus  takes  place  by  random  movements  resembling 
those  of  an  infusorian.  In  a  creeping  individuai,  on  the  other 
band,  orientation  is  much  more  direct;  the  process  resembling 
that  which  occurs  in  a  planarian.  Any  strong  sitmulus  causes 
the  animai  to  stop  and  make  a  few  testing  movements  with  its 
proboscis;  orientation  either  towards  or  away  from  the  stimulus 
then  occurs  directly  without  the  intervention  of  random  move- 
ments. If  the  stimulus  be  very  strong,  the  animai  contracts  at 
once,  this  reaction  being  caused  by  a  variety  of  stimuli  such  as 
beat,  injurious  chemicals,  hypertonic  solutions,  mechanical  shocks 
and  the  onset  of  desiccation.  It  is  interesting  to  note  that  in  this 
one  animai  we  have  at  one  time  the  method  of  reaction  of  an  infu- 
sorian and  at  another  that  of  a  typical  metazoan.  As  has  already 
been  mentioned,  the  temperature  and  the  purity  of  the  water  seem 
to  be  two  of  the  facto rs  which  determine  whether  creeping  or  swim- 
ming shall  prevail,  although  probably  they  are  not  the  only  ones 
concerned.  Feeding  movements  may  occur  under  almost  any 
conditions;  they  are  especially  marked  after  a  period  of  desiccation. 
The  reaction  of  Philodina  to  light  is  of  some  interest.  Normally 
it  is  almost  indifFerent.  When  a  number  of  individuai  are  pres- 
ent  in  a  dish  they  tend  to  become  scattered  to  ali  parts  of  it  regard- 
less  of  the  direction  of  the  source  of  light.  If  now  they  be  dis- 
turbed,  either  by  jarring  the  dish,  drawing  the  water  through  a 
pipette  a  few  times,  or  adding  a  few  drops  of  fresh  water,  they 
immediately  move  towards  the  side  of  the  dish  away  from  the  light, 
either  creeping  or  swimming  according  to  circumstances.  This 
reaction  is  very  striking  and  never  fails  to  occur.  In  the  course 
of  these  experiments  it  was  put  to  a  practical  use  whenever  it  was  . 
desired  to  obtain  rotifers  free  from  sand.  A  small  amount  of  the 
sand  from  the  large  culture  was  placed  in  a  small  dish  and  the 
water  agitated  with  a  pipette,  being  given  a  spirai  motion  so  as  to 
carry  the  sand  to  the  center  of  the  dish.  In  a  few  moments  most 
of  the  rotifers  had  invariably  coUected  in  the  clean  water  on  the 
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side  of  the  dish  away  from  the  light  where  they  could  be  removed 
by  means  of  a  fine  pointed  pipette.  If  left  undisturbed  for  thirty 
or  forty  minutes  they  again  spread  out  into  ali  parts  of  the  dish. 

2     Behavior  at  the  Onset  of  Desiccation 

At  the  onset  of  desiccation,  no  nìatter  under  what  circumstances 
it  occurs,  the  animals  ali  show  a  general  restlessness.  If  they  bave 
been  quietly  feeding,  for  example,  they  withdraw  the  corona  and 
begin  to  make  active  creeping  movements.  These  movements 
are  more  or  less  at  random  and  thus  difFer  from  the  responses 
made  when  creeping,  to  more  definitely  localized  stimali.  The 
negative  phototaxis,  which  is  shown  so  markedly  under  certain 
conditions,  is  always  abandoned  when  the  water  begins  to  dis- 
appear.  A  group  of  rotifers  which  has  coUected  on  the  side  of  the 
dish  away  from  the  light  is  quickly  broken  up,  each  individuai 
starting  to  creep  in  the  direction  in  which  it  happens  to  be  turned 
at  the  time  and  continuing  in  this  direction  until  it  comes  either 
to  the  edge  of  the  drop  or  to  a  place  where  the  surface  film  lies  so 
dose  to  the  slide  that  it  cannot  creep  under  it.  It  then  stops, 
contracts,  makes  one  or  two  testing  movements  with.the  proboscis, 
and  starts  off  again  in  a  new  direction  until  brought  to  a  stop  in  a 
similar  way.  Contact  with  solid  objects  such  as  grains  of  sand 
does  not  cause  the  creeping  movements  to  cease  as  Davis  and 
others  bave  assumed.  So  far  as  can  be  observed  the  behavior 
of  rotifers  dried  on  a  clean  slide  and  those  dried  with  a  quantity 
of  sand  is  essentially  the  same.  In  both  cases  they  continue  to 
creep  as  long  as  it  is  possible  to  do  so  and  when  such  movements 
become  impossible  they  contract  into  a  more  or  less  spherical  mass 
and  dry  wherever  they  happen  to  be.  As  has  been  mentioned 
the  movements  are  purely  at  random.  Frequently  a  number  of 
rotifers  may  be  seen  in  the  field  of  the  microscope  at  once,  ali 
creeping  in  different  directions.  When  two  rotifers  meet  they  pay 
no  attention  to  each  other  but  continue  on  their  way  just  as  before. 
There  is  no  instinct  that  leads  them  to  gather  together  in  groups 
for  mutuai  protection  as  Hudson  and  others  bave  asserted.  Where 
such  groups  are  found  the  cause  is  merely  that  they  bave  ali  re- 
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mained  in  the  evaporating  drop  as  long  as  possible  thus  being 
brought  together  as  the  latter  decreased  in  size.  When  drying 
occurs  under  a  cover  glass  or  with  sand,  the  contracting  surface 
film  of  the  drop  may  frequently  be  seen  to  sweep  a  number  of 
rotifers  together  and  by  further  contraction  press  them  into  a  com- 
pact mass;  the  part  the  rotifers  themselves  play  in  the  process, 
however,  is  purely  a  passive  one. 

On  the  whole,  the  method  of  response  to  the  first  stages  of  des- 
iccation shown  by  Philodina  is  an  advantageous  one.  It  is  true 
that  the  random  movements  sometimes  lead  single  individuals 
into  places  where  they  are  caught  by  sudden  evaporation  of  the 
water  and  dried  without  any  protection  at  ali.  On  the  other  band, 
the  majority  of  the  rotifers,  by  continuing  to  move  as  long  as  pos- 
sible, tend  to  find  their  way  to  the  places  where  the  water  lingers 
longest  and  where  drying,  when  it  does  occur,  is  most  graduai. 
If  they  stopped  at  the  first  grain  of  sand  they  encountered  they 
would  frequently  be  dried  under  far  less  advantageous  circum- 
stances. 

V      VISIBLE    CHANGES    ATTENDINO   THE    PROCESS  OF    DESICCATION 

When  the  water  has  so  far  evaporated  that  creeping  is  no  longer 
possible,  the  rotifer  contracts  in  the  manner  already  described, 
drawing  in  both  the  head  and  the  foot  and  then  puckering  the  two 
ends  of  the  body  as  though  they  were  drawn  together  by  a  purse 
string.  This  part  of  the  contraction  is  accomplished  by  muscular 
action  and  occurs  before  the  water  surrounding  the  animai  has 
evaporated.  Before  the  final  contraction  occurs  the  head  may  be 
rapidly  extended  two  or  three  times  as  if  to  test  the  external  con- 
ditions.  When  the  process  of  drying  is  very  slow  contraction  may 
continue  stili  further,  the  animai  becoming  noticeably  smaller  even 
before  ali  of  the  water  has  disappeared.  Under  these  conditions 
irregular  wrinkles  do  not  appear  although  the  puckering  at  the 
two  ends  is  discernible.  When  dried  more  rapidly,  even  when  in 
contact  with  a  large  quantity  of  sand  the  animai  assumes  a  more 
or  less  irregular  form,  both  longitudinal  and  transverse  wrinkles 
appearing  in  the  cuticle  and  the  internai  organs  shrinking  away 
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from  the  latter.  Although  the  animai  is  not  necessarily  injured 
by  this  irregular  shrinking  it  is  more  likely  to  he  than  in  the  case 
where  it  contracts  regularly. 

Loss  of  water  from  the  body  is  very  rapid  after  the  last  trace  of 
the  surrounding  film  has  disappeared.  Wrinkles  appear  almost 
immediately  in  the  case  of  individuai  dried  on  a  clean  slide.  In 
one  minute  the  body  may  bave  become  fairly  irregular  in  outline 
and  in  two  minutes  assumed  the  characteristic  appearanceof  desic- 
cation.  Although  further  loss  of  water  and  shrinkage  occur  the 
change  in  size  and  appearance  after  two  or  three  minutes  is  not 
very  noticeable  since  the  cuticle  has  assumed  its  final  wrinkled 
forni  and  further  contraction  is  confined  to  the  internai  organs. 
In  rotifers  dried  more  slowly  the  contraction  is  more  evident  since 
the  cuticle  and  hypodermis  are  pressed  together  against  the  inter- 
nai organs  and  foUow  them  in  their  shrinkage.  That  muscular 
action  is  responsible  for  at  least  a  part  of  the  contraction  is  shown 
by  the  fact  that  dead  rotifers  when  allowed  to  dry  assume  very 
irregular  forms,  the  closing  of  the  ends  of  the  body  above  described 
not  occurring.  * 

The  amount  of  shrinkage  that  occurs  under  favorable  conditions 
is  very  considerable.  It  may  easily  be  foUowed  by  keeping  single 
individuai  under  the  microscope  during  the  drying  process  and 
making  camera  drawings  of  them  from  time  to  time.  In  those 
that  are  dried  slowly  and  thus  contract  regularly  it  is  easy  to  com- 
pare approximately  the  volumes  at  the  difFerent  times.  Such  an 
examination  shows  that  in  the  case  of  slow  desiccation  with  sand, 
which  is  one  of  the  most  favorable  methods,  the  animai  may  shrink 
to  one-third  or  one-fourth  of  its  originai  volume. 

When  water  is  added  to  rotifers  that  bave  been  dried  for  a  time 
a  very  rapid  swelling  occurs.  In  one  minute  the  animai  has  dou- 
bled  in  volume  and  in  five  or  often  less  has  reached  its  normal  size. 
From  this  time  until  movements  appear  the  visible  changes  are 
slight  and  consist  in  changes  of  form  apparently  due  to  the  slow 
relaxation  of  the  muscles  that  bave  drawn  in  the  ends  of  the  body. 
When  those  at  the  anterior  end  relax  the  animai  becomes  pear 
shaped;  the  foot  may  be  extended  either  before  or  after  this  occurs. 
In  rotifers  which  bave  been  dried  rapidly  and  which  are  therefore 
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much  wrinkled,  the  first  change  that  occurs  is  a  fiUing  out  of  the 
wrinkles,  the  amount  of  swelling  apparenti/  being  slight  sirice  the 
greater  part  of  the  shrinkage  has  occurred  in  the  internai  organs, 
the  cuticle  having  stuck  fast  to  the  slide  or  to  a  grain  of  sand. 
That  a  considerable  swelling  occurs,  however,  is  easily  observed 
when  a  group  of  rotifers  has  dried  together,  the  individuai  being 
pushed  apart  as  the  water  is  absorbed.  The  usuai  time  required 
for  ali  of  the  wrinkles  to  disappear  is  about  five  nìinutes,  although 
it  may  frequently  be  considerably  less. 

The  point  at  which  the  water  enters  may  be  determined  by 
staining  rotifers  intra  vitam  with  neutral  red  before  drying  them 
and  then  adding  water  which  has  been  made  weakly  alkaline  by 
the  addition  of  a  small  amount  of  sodium  bicarbonate.  As  the 
latter  touches  the  organs  which  bave  been  stained  red  it  changes 
them  to  a  bright  yellow  color  and  thus  furnishes  a  very  exact 
means  of  observing  the  method  of  penetration.  Such  an  experi- 
ment  shows  that  the  water  enters  largely  at  the  two  ends  of  the 
animai  and  to  a  much  less  extent  through  the  cuticle  surrounding 
the  body.     Its  entrance  is  practically  instantaneous. 

The  time  required  for  movements  to  appear  varies  greatly  with 
the  circumstances  attending  the  process  of  desiccation.  The 
times  required  under  a  number  of  different  conditions  are  given 
in  anóther  section  of  this  paper.  Under  the  most  favorable  con- 
ditions they  may  appear  in  five  minutes,  as  was  the  case  with  a 
number  of  individuai  which  had  been  dried  slowly  on  filter  paper; 
usually  seven  to  ten  minutes  are  required  and  sometimes  an  hour 
or  more.  The  first  movements  to  appear  are  muscular  contrac- 
tions  within  the  body,  ahhough  sometimes  the  flame  cells  of  the 
nephridia  begin  to  beat  before  muscular  movements  can  be  ob- 
served. In  any  case  the  beginning  of  the  activity  of  the  nephridia 
is  one  of  the  first  signs  of  the  return  of  the  normal  life  processes. 
Care  must  be  taken  not  to  confuse  with  true  muscular  movements 
the  jerky  movements  exhibited  immediately  after  water  has  been 
applied  which  are  due  only  to  changes  in  tension  set  up  by  the 
imbibition  of  the  water  and  are  not  indicative  of  life.  In  ali  cases 
where  the  time  required  for  movements  to  appear  is  mentioned  it 
is  understood  that  it  is  the  distinctively  vital  movements  that  are 
meant.     Soon  after  the  first  movements  bave  appeared  the  foot 
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is  extended,  often  with  great  suddenness.  This  is  apparently 
accomplished  by  the  contraction  of  the  circular  muscles  of  the 
body  which  thus  set  up  a  pressure  which  causesit  to  beprotruded. 
Even  in  individuai  which  bave  been  killed  by  drying  the  foot 
becomes  more  or  less  extended  but  this  is  probably  due  to  the 
absorption  of  water  by  osmosis. 

After  the  first  extension  of  the  foot,  movements  separated  by 
periods  of  rest  may  recur  at  intervals  for  some  time  before  the 
animai  fuUy  recovers  and  creeps  away.  Complete  recovery  some- 
times  occurs  in  as  short  a  time  as  ten  minutes,  but  under  certain 
conditions  it  may  require  several  hours  or  even  a  day.  Most 
workers  bave  introduced  a  source  of  error  imo  their  observations 
by  failing  to  keep  their  rotifers  for  a  long  enough  time.  In  the 
present  series  of  experiments,  the  animals  were  always  kept  at 
least  twenty-four  hours  before  being  pronounced  dead. 

After  the  rotifers  bave  recovered  they  may  show  the  effects  of  the 
desiccation  in  various  ways.  Sometimes  the  body  is  more  or  less 
crooked  and  distorted,  at  other  times  the  cilia  appear  injured  and 
do  not  beat  normally.  In  other  cases  the  animals  remain  con- 
tracted  and  make  no  movements  although  they  are  not  dead  as  is 
shown  by  the  fact  that  they  undergp  no  disintegration.  That 
some  of  the  life  processes  such  as  oxidations  stili  continue  may  be 
shown  by  placing  upon  them  a  drop  of  a  solution  of  neutral  red 
which  has  been  rendered  weakly  alkaline  by  a  very  small  quantity 
of  sodium  bicarbonate.  Living  rotifers  which  are  excreting  car- 
bon  dioxide  change  the  color  of  the  solution  and  are  rapidly  stained 
pink  or  red;  dead  ones  do  not  show  this  reaction.  A  complete 
transition  is  therefore  shown  from  individuai  which  are  killed 
through  those  in  which  movements  never  appear  but  some  of  the 
life  processes  continue  for  a  short  time  and  those  which  bave  been 
more  or  less  injured  to  those  which  completely  recover  and  show 
no  visible  signs  of  injury. 

The  facts  just  mentioned  may  be  considered  as  an  answer  to  the 
views  of  those  who  doubt  the  whole  phenomenon  of  recovery  after 
desiccation,  among  whom  Zacharias  ('86),  Fredericq  ('89)  and 
Faggioli  ('91)  may  be  namèd  as  some  of  the  more  recent  workers. 
The  evidence  advanced  by  these  men  is  purely  negative  in  char- 
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acter.  In  certain  cases  they  failed  to  observe  the  recovery  of 
dried  rotifers  and  they,  therefore,  conclude  that  such  recovery 
is  impossible.  On  the  other  hand,  many  observers  bave  con- 
tributed  an  abundance  of  positive  evidence,  of  which  thàt  just 
given  is  typical.  It  is  possible  for  anyone,  by  using  the  proper  pre- 
cautions,  to  dry  rotifers  and  see  for  himself  the  graduai  return 
of  movements  up  to  the  time  of  complete  recovery.  It  is  certain, 
therefore,  that  the  return  of  ali  of  the  normal  vital  activities  in 
animals  which  by  drying  bave  been  rendered  motionless  and 
apparently  lifeless  is  not  one  of  the  myths  of  zoòlogy  as  many  bave 
supposed.  This  does  not  imply  that  the  rotifers  which  bave  been 
subjected  to  the  conditions  of  dryness  bave  actually  undergone 
a  true  desiccation.  From  the  evidences  so  far  presented  it  is 
possible  that  they  bave  not.  This  point  will  be  discussed  more  in 
detail  in  the  next  section. 

It  is  necessary  to  observe  that  ali  rotifers  are  not  equally  resist- 
ant  to  a  process  of  drying.  The  only  well  authenticated  cases  of 
recovery  after  desiccation  are  found  in  the  family  Philodinidae 
(Philodina,  Rotifer  and  Adineta)  in  species  which  normally  live 
in  places  where  they  are  exposed  to  drying  at  frequent  intervals. 
Perhaps  other  rotifers  possess  this  power,  but  that  such  is  the  case 
has  not  been  proven.  A  number  of  experiments  made  to  deter- 
mine this  point  with  Megalotrocha  and  several  of  the  Loricata 
gave  purely  negative  results,  no  cases  of  recovery  being  observed. 
The  observations  of  Lance  ('94)  are  of  interest  in  this  connection. 
He  found  in  the  tardigrades  that  only  those  species  could  resist 
desiccation  which  live  in  places  where  they  are  exposed  to  it  under 
naturai  conditions. 

VI      DEGREE    OF    DESICCATION   ATTAINED    BY   PHILODINA 

One  of  the  most  disputed  points  in  connection  with  the  enti  re 
subject  of  suspended  animation  in  rotifers  and  other  aquatic  ani- 
mais  is  the  degree  of  desiccation  they  may  attain  without  injury. 
Some  workers  hold  that  there  is  no  limit  to  the  amount  of  drying  that 
may  occur,  while  others  just  as  strongly  contend  anything  resem- 
bling  a  true  desiccation  is  necessarily  fatai.     They  believe  that  in 
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ali  cases  in  which  recovery  occurs  the  loss  of  the  body  fluids  has 
in  some  way  been  prevented.  Among  those  who  have  held  this 
latter  view,  perhaps  the  most  important  name  is  that  of  H.  Davis 
C73)  who  was  the  first  to  give  a  plausible  explanation  of  the  means 
by  which  desiccation  could  be  prevented.  Since  his  views  have 
found  a  wide  acceptance  and  are  frequently  quoted  at  the  present 
day,  they  will  be  considered  at  some  length  and  an  attempt  made 
to  determine  their  truth  or  falsity. 

/     The  Views  of  Davis  and  Others 

Davis  as  well  as  many  others  before  him,  had  noticed  that  roti- 
fers  dried  on  a  clean  glass  slide  are  killed  by  the  process  while  if 
a  little  sand  or  moss  is  present  recovery  almost  always  occurs.  He 
supposed  that  in  the  latter  case  the  rotifers  had  time  to  protect 
themselves  by  secreting  a  gelatinous  waterproof  cyst  which  efFec- 
tually  prevented  evaporation  while  in  the  former  case,  having  no 
protection,  they  were  dried  and  consequently  killed.  According 
to  his  view  a  true  desiccation  of  the  animai  is  always  foUowed  by 
death  and  in  ali  cases  of  recovery  desiccation  has  been  prevented. 
He  showed  that  grapes  may  be  effectually  protected  against  drying 
by  means  of  a  thin  coating  of  gelatine  and  assumed  that  in  the 
case  of  rotifers  exposed  to  desiccation  we  are  dealing  with  a  phe- 
nomenon  somewhat  similar. 

Others  had  claimed  that  the  sand  has  a  direct  protective  efFect. 
Ehrenberg,  for  example,  had  compared  it  to  the  woolen  mantle 
of  an  inhabitant  of  the  desert  and  others  Tiad  considered  that  it 
always  holds  in  its  interstices  sufficient  water  to  prevent  complete 
desiccation.  But  Davis  and  Hudson  rightly  objected  that  sand 
at  100°  C,  at  which  temperature  dried  rotifers  may  survive  for 
a  short  time,  would  be  but  poor  protection  against  loss  of  water 
in  the  case  of  such  a  soft  bodied  animai,  and  Davis'  explanation 
that  the  rotifers  are  covered  by  an  actual  waterproof  capsule  has 
the  merit  of  being  the  first  one  to  take  this  fact  into  consideration. 

Nevertheless,  there  are  many  reasons  why  this  view  cannot  be 
accepted.  In  the  first  place  the  evidence  for  the  existence  of  such 
a  gelatinous  secretion  is  extremely  slight.     Davis  did  not  see  it 
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clearly  himself  and  merely  states  in  support  of  this  view  that  several 
of  his  correspondents  after  reviving  dried  rotifers  observed  a  quan- 
of  sticky  material  adhering  to  them.  This  is  not  surprising  since 
the  cement  glands  at  the  tip  of  the  foot  are  continually  secreting 
a  sticky  substance  by  means  of  which  the  animai  fastens  itself 
to  solid  objects  and  which  under  certain  conditions  may  be  poured 
out  in  considerable  quantities.  The  mere  presence  of  a  small 
amount  of  this  substance  seems  like  rather  stender  evidence  on 
which  to  base  such  far-reaching  conclusions. 

Hudson  ('89)  is  more  definite  in  his  statements.  In  describing 
the  appearance  of  a  group  of  rotifers  dried  on  a  piece  of  paper  he 
says,  "Each  Philodine  is  the  center  of  a  patch  of  glutinous  secre- 
tion  which  meets  the  similar  patches  surrounding  its  neighbors 
in  a  succession  of  straight  lines;  so  that  the  whole  group  has  quite 
a  tesselated  appearance.  Here  and  there  where  fibers  pass 
over  or  through  a  group  long  tongues  of  the  secretion  stretch 
from  the  animals  to  the  fibers/'  The  apperance  observed  by 
Hudson  is  a  very  common  onein  groups  of  dried  rotifers;  theinter- 
pretation  he  makes  of  it,  however,  is  entirely  wrong.  What  he 
thought  to  be  the  ** glutinous  secretion'*  is  nothing  but  the  cuticle 
of  the  animai  from  which  the  internai  organs  bave  shrunken  more 
or  less  in  the  process  of  drying  and  which  so  closely  resembles  a 
secretion  of  some  sort  as  to  be  easily  mistaken  for  it  on  superficial 
observation.  In  the  present  experiments  many  careful  observa- 
tions  were  made  on  rotifers  during  the  processes  of  drying  and 
subsequent  revival  with  the  result  that  absolutely  no  evidence  could 
be  obtained  that  any  such  substance  is  secreted  at  the  time  of  dry- 
ing or  dissolved  when  water  is  added.  By  adding  a  little  methyl- 
ene  blue  to  the  water  before  the  rotifers  dry,  it  is  easy  to  foUow 
the  process  in  detail.  This  stain  colors  no  part  of  the  living  animai 
but  that  ponion  of  the  cuticle  which  is  outermost  when  it  is  con- 
tracted.  If  the  animals  are  not  allowed  to  remain  in  it  too  long 
there  are  no  injurious  effects  and  normal  recovery  occurs.  Roti- 
fers thus  stained  and  then  placed  in  clean  water  before  being  dried 
show  very  clearly  ali  of  the  changes  that  occur  during  the  process. 
If  any  secretion  were  poured  out  in  the  manner  described  by  Davis 
and  Hudson  it  should  be  visible  outside  of  the  stained  cuticle. 
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Such,  however,  is  not  the  case.  The  cuticle  itself  at  the  time 
of  drying  becomes  the  "glutinous  patch*'  and  on  the  addition  of 
water  resumes  its  originai  appearance. 

If  we  assume  that  the  peculiar  staining  reaction  of  this  portion 
of  the  cuticle  is  itself  due  to  a  protective  secretion  of  some  sort  we 
stili  see  that  the  explanation  of  Davis  cannot  hold.  The  staining 
reaction  is  the  same  in  ali  ani  mais,  creeping,  swimming,  and  con- 
tracted,  and  appears  very  quickly.  Even  in  rotifers  killed  instantly 
by  a  drop  of  boiling  water  the  blue  cojor  appears  just  the  same 
as  in  living  ones.  The  secretion  then,  if  such  it  be,  is  present  in 
ali  individuai  at  ali  times  and  is  not  produced  only  on  special 
occasions  as  Davis  asserts  and  as  it  should  be  if  bis  views  were 
correct. 

Another  objection  to  Davis'  theory  lies  in  the  behavior  of  the 
rotifers  at  the  time  of  drying.  Davis  held  that  the  failùre  of  roti- 
fers dried  on  a  clean  slide  to  protect  themselves  was  because  of 
their  behavior  under  such  unusual  conditions.  To  quote  from 
bis  paper,  "The  rotifers  in  crawling  excitedly  over  the  slide  as 
they  generally  do  trying  to  find  more  water  or  protection  in  their 
usuai  refuge — sand  and  dirt — part  with  much  of  their  adhesive 
covering  and  the  evaporation  of  the  small  quantity  of  water  is  so 
rapid  that  they  bave  no  time  to  settle  down  quietly  as  usuai  while 
more  covering  is  secreted;  they  roam  about  almost  to  the  last 
minute  when  they  are  overtaken  by  drought  and  shrink  hastily 
into  a  ball  to  dry  and  perish."  Davis  evidently  had  observed  the 
behavior  of  rotifers  dried  on  a  slide  without  sand;  he  just  as  evi- 
dently had  not  observed  their  behavior  when  dried  with  sand.  If 
he  had,  he  would  bave  observed  no  difFerences  of  any  importance. 
Whether  a  rotifer  is  dried  on  a  plain  slide,  under  a  cover  glass,  or 
with  sand  its  behavior  is  essentially  the  same.  It  keeps  on  creep- 
ing until  the  water  has  so  far  evaporated  that  it  can  creep  no  far- 
ther  and  then  it  contracts  and  dries  more  or  less  rapidly  accord- 
ing  to  circumstances.  When  the  water  begins  to  disappear  it 
does  not  stop  when  it  comes  to  a  quantity  of  sand  and  quietly 
encyst  itself  as  he  supposed.  In  almost  every  case  it  keeps  on 
creeping  the  same  as  before  and  often  dries  up  at  some  distance 
from  the  sand.     That  most  of  the  rotifers  are  eventually  found  in 
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contact  with  the  sand  is  due  entirely  to  the  fact  that  as  the  water 
disappears  their  movements  become  more  and  more  restricted 
unti!  they  finally  come  to  an  end  in  its  vicinity  where  the  water 
lingers  longest.  It  is  true  that  the  presence  of  sand  is  beneficiai 
in  the  drying  process  but,  as  experiments  to  be  mentioned  later 
show,  this  is  due  entirely  to  the  greater  slowness  of  the  drying  under 
these  circumstances  and  not  to  any  preparations  the  animai  makes 
to  resist  desiccation.  That  the  presence  of  sand  is  responsible  for 
no  essential  difference  in  behavior  is  shown  by  the  fact  that  roti- 
fers  dried  with  a  small  quantity  of  sand  show  practically  as  great 
a  mortality  as  those  dried  with  none  at  ali.  If  the  mere  presence 
of  the  sand  enabled  the  rotifers  to  encyst  themselves  normally,  we 
should  not  expect  this  to  be  so.  If,  on  the  other  band,  the  efFect 
is  m^rely  one  of  the  rapidity  of  evaporation,  the  fact  finds  a  ready 
explanation. 

It  is  seen,  therefore,  that  the  two  points  of  originality  in  Davis* 
view,  namely,  the  presence  of  protective  secretion  and  a  difference 
in  the  behavior  of  the  rotifers  when  dried  under  different  conditions 
are  both  based  upon  too  slight  evidence  and  are  not  confirmed 
by  more  careful  observations.  So  far  as  bis  arguments  go,  there 
is  no  reason  to  believe  that  rotifers  exposed  to  conditions  of  dry- 
ness  can  escape  a  true  desiccation.  On  the  other  band,  in  addi- 
tion  to  this  negative  evidence  there  is  much  positive  evidence  in 
favor  of  the  view  that  an  actual  drying  does  occur. 

2     Evidence  for  the  View  that  True  Desiccation  Occurs 

In  the  first  place,  it  must  be  noted  that  during  the  process  of 
desiccation  there  are  very  marked  changes  in  the  size  and  form 
of  the  rotifers.  Shrinkage  always  occurs  and  there  may  be  con- 
siderable  distortion  of  the  body  if  the  drying  is  rapid  enough. 
According  to  Davis'  view  we  should  expect  such  shrinkage  only  in 
rotifers  dried  on  a  clean  slide  which  are  killed  by  the  process.  The 
fact  is,  however,  that  it  occurs  in  ali  cases.  When  rotifers  are 
very  slowly  dried,  with  or  without  sand,  they  retain  their  originai 
form  very  perfectly  and  fairly  accurate  estimates  may  be  made 
of  their  loss  in  volume  during  the  drying  process.     From  careful 


Digitized  by 


Google 


232  Merkel  Henry  Jacobs 

measurements  made  on  several  difFerént  individuais  before  and 
after  the  addition  of  water  it  was  determined  that  rotifers  which 
had  contracted  to  one-third  or  one-fourth  of  their  originai  volume 
and  remained  in  this  condition  for  several  weeks  or  a  month  were 
perfectly  capable  of  being  revived.  A  number  of  careful  measure- 
ments showed  that  under  ali  conditions  of  drying — on  a  clean  slide, 
with  sand,  on  filter  paper,  etc. — a  very  considerable  shrinkage 
occurs,  the  exact  amount  being  dependent  on  the  conditions  of  the 
desiccation.  How  can  such  results,  which  may  be  obtained  by 
anyone  with  very  little  trouble,  be  reconciled  with  Davis'  theory 
that  loss  of  water  is  prevented  by  an  impermeable  secretion  ?  If 
the  water  is  retained  within  the  body  how  can  such  loss  of  volume 
occur  ? 

It  might  be  suggested,  although  such  a  supposition  soiftids 
rather  improbable,  that  loss  of  water  occurs  up  to  a  certain  point 
but  that  by  the  time  this  point  is  reached  formation  of  some  sort 
of  a  protective  covering  has  gone  far  enough  to  prevent  its  further 
escape.  That  a  protective  covering  impermeable  to  water  is  not 
present  is  shown  by  the  foUowing  experiment.  Several  rotifers 
were  dried  for  a  month  under  the  most  favorable  conditions  pos- 
sible;  at  the  end  of  that  time  they  were  examined  and  seen  to  be 
considerably  shrunken.  A  small  piece  of  wet  filter  paper  was 
then  placed  in  the  dish  in  which  they  were  contained  in  such  a 
way  as  not  to  touch  them,  and  the  dish  was  covered  with  a  piece  of 
glass.  Camera  drawings  were  made  of  the  rotifers  at  intervals 
of  one  minute  to  determine  the  efFect  of  the  moist  atmosphere.  A 
distinct  swelling  was  observed  in  one  minute  and  in  five  minutes 
the  volume  had  increased  perhaps  50  per  cent.  The  dish  was 
then  uncovered  and  shrinkage  immediately  occurred.  When 
water  was  added  the  rotifers  recovered  normally.  This  experi- 
ment, therefore,  shows  conclusively  that  in  rotifers  dried  in  such  a 
way  that  recovery  is  possible  after  a  desiccation  lasting  for  a  month 
the  covering  of  the  body  is  freely  permeable  to  moisture.  It  is 
certain,  therefore,  that  no  such  protection  as  that  demanded  by 
Davis'  view  is  present. 

It  might  perhaps  be  objected  that  in  the  above  experiment  the 
swelling  observed  took  place  mainly  in  the  superficial  part  of  the 
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body — perhaps  even  in  a  special  secretion  surrounding  it.  The 
following  experiment  shows  clearly  that  this  was  not  the  case.  A 
number  of  rotifers  were  stained  intra  vitam  with  neutral  red  and 
then  carefuUy  dried.  Several  were  tested  to  be  sure  that  revival 
occurred  normally  on  the  addition  of  water.  Others  were  then 
subjected  in  the  dish  in  which  they  were  dried,  to  moist  ammonia 
fumes,  being  kept  under  observation  ali  the  while.  Almost  imme- 
diately  the  internai  organs,  which  had  stained  deeply  in  the  neutral 
red,  began  to  change  color  and  in  less  than  a  minute  had  become 
yellow,  showing  thereby  the  penetration  of  the  ammonia.  This 
experiment,  like  the  preceding,  shows  that  the  cuticle  of  normally 
dried  rotifers  is  not  impermeable  to  gases  and  to  water  vapor  and 
that  it  therefore  cannot  protect  the  animals  from  desiccation.  It 
is  quite  possible  and  even  probable  that  the  cuticle,  especially  the 
thicker  part  about  the  middle  of  the  animai  which  covers  it  when 
it  is  contracted,  is  useful  in  retarding  evaporation.  Experiments 
to  be  mentioned  below  show  that  too  rapid  evaporation  is  injurious. 
But  although  it  may  retard  evaporation  it  cannot  prevent  it  and  it 
seems  certain,  therefore,  that  so  far  as  any  external  covering  is 
concerned  there  is  no  bar  to  complete  desiccation  of  the  animai. 
That  rotifers  which  bave  been  exposed  to  conditions  favoring 
desiccation  contain  very  little  water  is  shown  by  simple  physical 
methods.  Spallanzani  and  Doyère  both  noticed  that  such  rotifers 
are  so  brittle  that  they  break  into  pieces  when  pressed  with  the 
point  of  a  needle.  The  same  result  was  obtained  in  the  course 
of  these  experiments  and  it  was  also  observed  that  no  water  could 
be  obtained  by  exerting  pressure  on  the  cover  glass  covering  the 
rotifers,  provided  that  the  latter  were  examined  immediately  after 
removal  from  the  desiccator.  When  kept  in  a  damp  atmosphere 
for  a  short  time  they  absorbed  sufficient  water  to  be  detected  by  this 
method  of  treatment,  and  this  probably  accounts  for  the  results 
obtained  by  Davis,  who  claims  to  bave  been  able  to  squeeze  water 
from  rotifers  which  had  been  dried  for  three  weeks  in  a  vacuum, 
since  he  admits  that  the  water  was  obtained  only  after  repeated 
pressure  had  been  applied.  The  fact  that  repeated  pressure  was 
necessary  at  ali  shows  that  the  amount  of  water  present  could  bave 
been  but  slight,  and  it  leaves  room  for  the  objection  that  there  was 
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rime  for  moisture  to  be  absorbed  from  the  atmosphere.  That  only 
a  small  amount  of  water  is  sufficient  to  give  the  appearance  he 
describes  may  be  proved  by  pressing  under  a  cover  glass  small 
shreds  of  filter  paper  or  pieces  of  apparently  dry  plant  tissues. 
There  is  also  a  possibility  that  what  Davis  im  agi  ned  to  be  water 
was  only  a  thin  film  of  air  which  under  certain  conditions  arising 
in  microscopie  work  closely  resembles  water. 

The  fact  that  desiccation  is  often  very  complete  may  be  shown 
by  chemical  means  as  in  the  following  experiment.  A  number  of 
rotifers,  stained  intra  vitam  with  neutral  red,  were  allowed  .to  dry 
under  the  most  favorable  conditions  possible  and  were  then  placed 
in  a  desiccator  over  night.  One  lot  was  moistened  and  found  to 
be  normal  in  every  respect.  A  second  lot  was  exposed  to  ammonia 
fumes  rendered  as  dry  as  possible  by  means  of  calcium  chloride 
and  a  third  lot  exposed  to  the  same  fumes  after  having  been  allowed 
to  remain  in  a  moist  atmosphere  for  five  minutes.  The  third 
lot  changed  color  from  red  to  yellow  almost  instantly;  the  second 
lot  retained  their  red  color.  That  the  efFect  in  the  latter  case  was 
not  due  to  the  inability  of  the  ammonia  to  penetrate  the  cuticle 
was  shown  by  the  fact  that  a  number  of  the  rotifers  which  had  beep 
purposely  crushed  also  retained  their  color.  The  failure  of  the 
characteristic  reaction  between  ammonia  and  neutral  red  in  the 
case  of  rotifers  dried  in  a  desiccator  must  be  considered  to  indicate 
that  they  retain  very  little  water. 

There  is  also  much  indirect  evidence  that  the  desiccation  is  a 
real  one.  Some  of  this  evidence  will  be  mentioned  later  but  it 
may  not  be  out  of  place  to  refer  at  this  point  to  the  resistance  shown 
by  dried  rotifers  to  high  temperatures.  Gavarret  and  others  bave 
found  that  rotifers  in  water  are  killed  by  a  temperature  of  51°  C, 
giving  ali  the  evidences  of  beat  coagulation.  When  partially 
dried  and  in  a  moist  atmosphere  they  are  killed  at  81°  C.  and  after 
thorough  drying  they  may  resist  temperatures  of  100^-110°  C. 
Doyère  even  found  a  rotifer  which  after  being  dried  in  the  sun  for 
several  weeks  was  not  killed  by  a  very  short  exposure  to  153^  C. 
How  can  such  results  be  explained  on  Davis'  theory  that  the  body 
fluids  are  retained  within  a  watertight  cyst  ?  Does  the  protoplasm 
at  the  time  of  the  formation  of  this  cyst  undergo  some  mysterious 
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change  which  causes  it  to  resist  the  coagulating  efFect  of  high  tem- 
peratures  while  stili  retaining  its  water  ?  Such  a  supposition  is  on 
its  very  face  highly  improbable.  On  the  other  hand  if  we  believe 
that  there  is  an  actual  loss  of  water  these  facts  fall  in  line  with  the 
observations  of  Lewith  and  others  that  in  egg  albumin  with  loss 
of  water  the  coagulation  temperature  rises  from  56°  to  145^  C. 
There  is  every  reason  to  believe,  therefore,  that  in  Philodina  we 
bave  to  do  with  a  true  desiccation  of  the  body.  This  is  shown  by 
the  chemical  and  physical  tests  mentioned  above,  by  the  great 
amount  of  shrinkage  that  occurs  at  the  time  of  drying,  by  the  fact 
that  the  cuticle  is  freely  permeable  to  gases  and  to  water  vapor, 
and  by  the  additional  fact  that  coagulation  is  not  caùsed  by  rela- 
tively  high  temperatures.  Furthermore,  it  has  been  shown  that 
the  only  plausible  explanation  that  has  ever  been  given  of  a  method 
by  which  loss  of  water  could  be  prevented  is  based  on  insufficient 
observation  and  is  not  borne  out  by  the  facts.  We  must  not  as- 
sume, however,  as  many  bave  done,  that  the  desiccation  is  ever 
an  absolute  one.  Even  with  the  most  perfect  desiccating  devices 
known  it  is  impossible  to  remove  the  last  traces  of  water  at  ordi- 
nary  temperatures.  The  chemist  recognizes  the  fact  that  in 
organic  analysis  it  is  necessary  to  beat  the  substance  which  is 
being  analyzed  almost  to  the  charring  point  to  remove  ali  of  the 
water  it  contains.  With  rotifers  this  is  impossible  since  long  be- 
fore  this  point  is  reached  certain  irreversible  changes  bave  occurred 
which  cause  the  death  of  the  animai.  It  is  certain  that  no  rotifer 
has  ever  lived  after  an  absolute  desiccation.  It  is  useless,  there- 
fore, to  speculate  whether  or  not  life  would  be  possible  after  com- 
plete removal  of  water,  since  such  a  condition  cannot  be  attained 
by  the  means  in  our  possession  without  destroying  the  very  struc- 
tures  on  which  life  depends.  But  the  fact  that  an  animai  with  no 
means  of  protecting  itself  against  loss  of  water  save  the  hygro- 
scopicity  of  its  tissues  may  remain  capable  of  resuming  its  normal 
vital  activities  after  a  sojourn  of  weeks  or  even  months  in  a  vacuum 
or  a  desiccator  is  in  itself  a  striking  one  and  one  which  must  neces- 
sarily  enlarge  our  conceptions  of  the  propenies  of  living  matter.  • 
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VII    EFFECT    OF    DESICCATION    ON    THE    LIFE    PROCESSES    OF 

PHILODINA 

It  has  been  seen  that  recovery  is  possible  in  the  case  of  rotifers 
which  bave  attained  a  considerable  degree  of  desiccarion.  It 
remains  to  consider  in  more  detail  the  efFect  of  this  desiccation 
on  the  life  processes  of  the  animai.  Are  the  latter  brought  to  a 
complete  standstill  or  are  they  merely  retarded  ?  Is  the  dried 
rotifer  dead  or  alive — or  neither  ?  Does  the  process  of  desicca- 
tion bave  any  injurious  effects  and  if  so  what  is  the  nature  of  these 
efFects  ?  Questions  such  as  these  bave  occupied  the  attention  of 
physiologists  for  many  years  and  in  the  foUowing  section  an  attempt 
will  be  made  to  at  least  partially  answer  them.  The  last  one — 
having  to  do  with  the  injurious  efFects  of  desiccation — ^will  be  con- 
sidered  first  since  it  appears  to  throw  some  light  on  the  others. 

I     Injurious  Effects  of  Desiccation 

It  has  been  the  testimony  of  practically  ali  observers  that  desic- 
cation is  always  more  or  less  injurious.  This  is  shown  by  the  fact 
that  when  large  numbers  of  individuai  are  used  some  deaths 
always  occur,  even  under  the  most  favorable  conditions  of  drying, 
and  by  the  further  fact  that  desiccation  may  not  be  repeated  indefi- 
nitely.  Spallanzani  was  the  first  to  observe  the  latter  point.  He 
found  that  in  certain  rotifers  experimented  on  by  him  ali  were 
killed  after  the  sixteenth  drying.  In  the  course  of  this  work  Spal- 
lanzani's  experiment  was  repeated  with  a  small  number  of  rotifers, 
the  latter  being  dried  once  a  day  with  a  small  quantity  of  sand. 
The  foUowing  table  shows  the  number  of  dead  and  alive  on  each 
successive  day: 

TABLE  I 

DiUe  Alive  Dead 

December  31 11  o 

January       i 8  3 

January      a 5  6 

January       3 1  9 

January      4 2  9 

January       5 2  9 
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Date  Alt 

January   6 « 

January    8 

January    8 

Janua  y  9 

January  io 

January  11 o 


Dead 

IO 
IO 
IO 
IO 
IO 

II 


2     Influence  of  the  Previ  ous  C  onditi  on  of  the  A  ni  mais 

The  preceding  experiment  is  typical  of  a  considerable  number 
performed  and  shows  unmistakably  that  desiccation  is  a  more  or 
less  harmful  condition  which  some  rotifers  are  better  able  to  resist 
than  others.  That  the  resisting  power  of  difFerent  individuals 
may  be  influenced  by  the  conditìons  to  which  they  were  exposed 
previous  to  desiccation  is  shown  by  the  following  experiment.  A 
number  of  rotifers  were  placed  in  a  glass  dish  with  a  little  clean 
water  and  were  starved  for  three  days.  A  number  of  others  were 
taken  from  the  originai  culture  and  both  lots  dried  under  exactly 
the  same  conditions  and  kept  for  the  same  length  of  time  (four 
days).  Water  was  then  applied  and  the  percentage  which  recov- 
ered  noted.  The  following  table  gives  the  result  of  the  experi- 
ment: 


TABLE  n 

Ejfect  of  Starving 

Number  of  individuals 

First  movements  (avcr- 
age  for  three  rotifers) 

Percentage  of 
rccoveriet 

Wcll  fed  individuals 

20 

19  minutes 
no  movements 

80 

Starved  individuals 

0 

This  experiment  shows  the  great  caution  that  must  be  used  in 
comparing  results  obtained  with  rotifers  taken  from  difFerent  cui- 
tures  or  the  same  culture  at  difFerent  times.  In  ali  of  the  follow- 
ing experiments  the  rotifers  compared  were  as  similar  as  it  was 
possible  to  obtain  them  and  furthermore  fairly  large  numbers 
were  dealt  with  so  as  to  eliminate  as  far  as  possible  this  source  of 
error. 
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5     Influence  of  the  Conditions  Attending  Desiccation 
a     Effect  of  Rapidity  of  Drying 

Since  the  tìme  of  Spallanzani  it  has  been  the  almost  unanimous 
testimony  of  ali  observers  that  rotifers  dried  on  a  clean  glass  slide, 
even  for  short  periods  of  time,  are  killed,  while  when  a  little  sand 
or  moss  is  present  this  is  not  the  case.  These  factors  have  been 
variously  explained.  Spallanzani  thought  that  the  sand  was  neces- 
sary  to  protect  the  animals  from  the  injurious  action  of  the  air. 
Ehrenberg  and  others  that  it  held  in  its  interstices  sufficient  water 
to  prevent  actual  desiccation  and  Davis  that  in  its  presence  the 
rotifers  were  able  to  protect  themselves  by  means  of  a  waterproof 
cyst.  Ali  of  these  views  have  been  shown  to  be  untenable.  That 
it  is  not  contact  with  the  air  that  kills  the  animals  is  shown  by 
Doyère's  experiment  in  which  rotifers  and  tardigrades  dried  in 
the  air  showed  a  lower  mortality  than  those  dried  in  a  vacuum. 
That  the  sand  in  itself  cannot  serve  as  a  protection  against  evapo- 
ration  is  shown  by  the  fact  that  it  may  be  heated  to  a  temperature 
of  100^  C.  or  more  without  killing  the  rotifers  contained  in  it. 
That  Davis'  explanation  is  not  the  correct  one  is  shown  by  the 
fact,  discussed.at  some  length  above,  that  even  in  rotifers  dried 
with  sand  a  true  desiccation  occurs.  We  are,  therefore,  forced  to 
the  conclusion  that  the  favorable  effect  of  the  sand  is  due  rather  to 
a  retardation  of  desiccation  than  to  its  entire  prevention. 

To  test  this  view  three  lots  of  rotifers  were  taken  from  the  same 
culture  and  the  first  dried  without  any  sand,  the  second  with  a 
small  quantity,  and  the  third  with  a  large  quantity.  AH  were  then 
kept  at  room  temperature  under  exactly  the  same  conditions  for 
four  days,  at  the  end  of  which  time  water  was  added  and  the  roti- 
fers kept  under  observation.  In  the  foUowing  table  the  first 
column  gives  the  number  of  individuals  experimented  upon,  the 
second  the  average  time  required  for  movements  to  appear  in  a 
given  number  and  the  last  column  the  percentage  that  eventually 
recovered.  The  number  chosen  for  the  second  column  was  usu- 
ally  IO  per  cent  of  the  entire  number  of  individuals  and  except 
where  otherwise  mentioned  the  determinations  were  made  on  this 
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basis.  The  choice  of  io  per  cent,  of  course,  was  entirely  arbitrary 
but  this  number  was  found  to  be  convenient  and  to  give  fairly 
reliable  results.  In  making  the  last  determination  it  was  neces- 
sary  to  keep  the  animals  for  at  least  a  day  to  be  sure  that  no  cases 
of  revival  shouid  be  missed.  For  this  reason,  in  this  and  ali  sim- 
ilar  experiments,  the  rotifers  were  dried  in  shallow  glass  dishes 
which  could  be  covered  and  thus  the  loss  of  the  water  added  at  the 
end  of  the  experiment  prevented.  A  great  fault  to  be  found  with 
much  of  the  previous  work  on  the  subject  is  that  ordinary  glass 
slides  were  used  with  which  on  account  of  evaporation  the  rotifers 
could  not  be  kept  under  observation  for  more  than  a  few  hours. 
Doubtless  this  is  the  reason  why  so  many  observers  bave  been 
unable  to  find  evidences  of  revival  after  drying  without  sand. 

The  results  of  the  experiments,  made  with  these  precautions, 
are  given  in  the  following  table..  It  will  be  seen  that  the  time 
required  for  the  first  movements  to  appear  is  inversely  proportional 
to  the  percentage  of  recoveries;  in  other  words,*the  slower  the 
movements  are  in  appearing  the  greater  is  the  mortality.  This 
relation  was  shown  in  a  large  number  of  experiments  to  be  quite 
general  and  knowing  one  quantity  it  is  possible  to  predict  in  a 
rough  and  approximate  way  the  other. 


TABLE  m 

Efect  of  the  presence  of  sand 

Number  of  indi\'iduals        First  movements 

Percentage  of 
recoveries 

Dried  with  largc  quantity  of  sand 
Dried  with  small  q  uantity  of  sand 
Dried  without  sand 

49 

58 

izminutes 
45  minutes 
No  movements  in  40 
minutes 

82 

These  experiments  are  in  full  accord  with  the  view  that  the  pro- 
tective  effect  of  the  sand  is  due  to  the  greater  slowness  of  the  dry- 
ing process  when  it  is  present.  If  the  mere  presence  of  sand  in 
itself  were  sufficientHo  cause  the  rotifers  to  settle  down  and  secrete 
a  capsule  about  themselves  we  shouid  expect  that  a  small  quantity 
would  be  almost  as  efFective  as  a  large  quantity.     This,  however, 
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is  not  the  case  as  the  above  figures  show.  The  difFerence  between 
the  efFects  of  drying  with  a  small  quantity  of  sand  and  with  none 
at  ali  is  usually  not  so  great  as  wouid  appear  from  the  table, 
since  in  the  first  experiment  the  mortality  is  unusually  high.  As 
a  rule,  almost  the  same  result  is  obtained  in  the  two  cases. 

The  effect  of  the  rapidity  of  drying  is  brought  out  in  a  striking 
manner  in  the  following  experiment.  Two  lots  of  rotifers  from 
the  same  culture  were  dried  at  the  same  time  at  room  temperature, 
the  one  in  a  calcium  chloride  desiccator  and  the  other  in  a  partly 
covered  dish  containing  a  piece  of  moist  filter  paper.  In  the  first 
dish  the  drying  required  twenty-five  minutes;  in  the  second  about 
twelve  hours.  The  drops  of  water  in  the  two  cases  were  as 
nearly  the  same  size  as  possible  and  neither  contained  any  sand. 
After  the  drying  had  taken  place  both  were  kept  for  three  days 
in  the  desiccator,  attaining  presumably  the  same  degree  of  dryness. 


TABLE  IV 

Egea  of  rapidity  of  drying 

Number  of  individuai 

First  movements 
minutes 

Perccntage  of 
recoveries 

Dried  slowly  under  cover 

Dried  uncovercd  in  desiccator. . . 

60 
5» 

7 
39 

75 
12 

It  is  seen  from  these  figures  that  by  allowing  the  drying  to  pro- 
ceed  slowly  enough  a  large  percentage  of  the  rotifers  may  recover 
even  when  dried  for  several  days  in  a  perfectly  clean  glass  dish. 
This  result  is  opposed  to  most  of  the  observations  that  bave  been 
made  and  is  not  in  accord  with  Davis'  theory.  It  must  also  be 
noticed  that  even  where  the  drying  was  extremely  rapid  a  certain 
number  recovered  when  by  using  a  covered  dish  rather  than  an 
ordinary  slide  they  could  be  kept  a  sufficiently  long  time  after  the 
application  of  water. 

Any  method  of  retarding  evaporation  seems  to  bave  the  same 
effect.  Rotifers  dried  on  small  pieces  of  filter  paper  in  which 
evaporation  is  necessarily  slow  may  be  preserved  in  good  condi- 
tion  for  very  long  periods.     Even  after  a  month  movements  appear 
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on  the  addition  of  water  in  five  to  seven  minutes  and  creeping 
individuals  are  sometimes  observed  in  ten  or  fifteen. 

These  experiments,  therefore,  seem  to  show  that  the  rapidity 
with  which  the  first  part  of  the  drying  occurs  is  of  great  importance 
in  determining  the  ultimate  efFect  of  the  desiccation  on  the  animai. 
They  also  serve  to  explain  the  discrepancies  that  appear  in  the 
accounts  of  various  observers.  Spallanzani,  Pouchet,  Davis, 
Hudson,  Leidy,  Zacharias,  Faggioli  and  others  state  very  posi- 
tively  that  a  few  hours  drying  on  a  clean  slide  is  invariably  fatai. 
Doyère,  on  the  other  hand,  is  just  as  positive  that  such  treatment 
is  not  necessarily  harmful.  When  we  examine  the  accounts  given 
by  these  experimenters  of  their  method  of  procedure  we  find  that 
Doyère  dried  his  animals  very  slowly  while  the  others  did  not  take 
this  precaution,  hence  the  disagreement  in  their  results. 

When  we  compare  rotifers  dried  slowly  with  those  dried  rapidly 
we  can  see  why  the  latter  method  of  procedure  should  be  injurious. 
A  rotifer  dried  slowly,  although  shrunken  to  a  fraction  of  its  former 
size,  preserves  perfectly  its  originai  form  and  shows  no  irregular 
wrinkles  on  the  surface  of  the  body.  The  body  wall  fits  tightly 
about  the  internai  organs  and  the  muscles  a'dhere  to  it  closely. 
One  dried  rapidly,  on  the  other  hand,  is  very  irregular  in  appear- 
ance.  The  internai  organs  are  more  or  less  shrunken  away  from 
the  cuticle  which  itself  is  often  very  much  disto rted,  and  sometimes 
has  the  appearance  of  an  irregular  gelatinous  secretion.  Fre- 
quently  when  water  is  added  it  may  be  seen  that  some  of  the  mus- 
cles bave  been  torn  by  the  stresses  set  up  by  the  rapidity  of  the  dry- 
ing and  it  is  to  be  supposed  that  under  these  conditions  the  deli- 
cate internai  organs  would  also  suffer  greatly.  The  injurious 
efFect  of  the  rapid  drying  therefore  seems  to  be  a  mechanical  one. 
Even  those  individuals  which  are  not  permanently  injured  by  the 
first  drying,  since  they  are  very  susceptible  to  changes  in  moisture, 
if  kept  exposed  to  ordinary  atmospheric  conditions  would  be  far 
more  likely  to  be  harmed  than  those  which  at  the  start  contracted 
imo  a  compact  and  symmetrical  mass.  This  may  explain  the 
fact  that  rotifers  dried  without  sand  cannot  be  kept  for  such  long 
periods  of  time  as  those  dried  under  more  favorable  conditions. 
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b     EfFect  of  Temperature  at  which  Drying  Occurs 

From  the  results  obtained  in  the  preceding  experiment  it  might 
he  thought  that  rotifers  dried  at  a  high  temperature  would  show  a 
greater  mortality  than  those  dried  at  a  low  one  on  account  of  the 
more  rapid  evaporation  of  the  water.  Strangely  enough,  this  is 
not  the  case.  In  two  parallel  experiments  in  which  ali  of  the  con- 
ditions  are  the  same  except  the  temperature  at  which  the  drying 
occurs,  the  rotifers  dried  at  the  higher  temperatures  always  show 
the  higher  percentage  as  well  as  the  greater  rapidity  of  recovery. 
This  relation  was  found  many  times.  The  following  are  two 
typical  experiments.  In  the  first  one  a  moderate  amount  of  sand 
was  present;  in  the  second  the  rotifers  were  dried  in  clean  dishes, 
without  any  foreign  matter.  In  both  cases  after  the  drying  was 
complete,  the  dishes  were  allowed  to  remain  covered  at  room 
temperature  for  four  days  before  the  application  of  water. 

TABLE  V 

E^ect  of  temperature  at  which  drying  occurs.     Sand  present 


'Number  of  individuais  ! 


I 


First  movements 
minutes 


Percentage  of 
rccoverics 


Dried  at  IO* 
Dried  at  40°. 


49 

55 


12 

4 


8z 
94 


TABLE  VI 

E^ect  of  temperature  at  which  drying  occurs.     No  sand 


Number  of  individuais 


First  movements 


Percentage  of 
recoveries 


Dried   at  room  temperature 

no   movements   in   40: 

fairly  rapidly 

58 

minutes 

Dried  at  40'  in  desiccator 

5^ 

20  minutes          j 

Dried  at  40®  in  covered  dish . . . 

57 

7  minutes           ' 

1 

5 

65 
93 


These  experiments  do  not  form  an  exception  to  the  rule  stated 
above  that  rapid  drying  is  more  injurious  than  slow  drying.  Other 
things  being  equal  rapid  drying  is  the  more  injurious.  This  is  seen 
in  Table  V.     The  rotifers  dried  in  the  desiccator  at  40^  showed  a 
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greater  mortality  than  those  dried  slowly  in  a  parrially  covered  dish 
at  the  same  temperature  although  in  spite  of  the  rapidity  with  which 
they  were  dried  they  were  much  less  injured  than  those  dried  at  20®. 
We  may  conclude,  therefore,  that  while  rapidity  of  desiccation  is  a 
very  important  factor  in  detetmining  the  mortality,  it  is  not  the 
only  one  and  it  may  even  he  obscured  by  certain  others  such  as  the 
one  mentioned. 

Attention  must  be  called  to  the  extremely  high  percentage  of 
recoveries  and  the  rapid  appearance  of  movements  in  the  case  of 
the  rotifers  dried  slowly  at  the  high  temperature.  Although  no 
sand  or  other  solid  matter  was  present  and  although  the  drying 
lasted  for  four  days,  fifty-four  out  of  the  fifty-seven  rotifers 
recovered  normally.  This  is  as  high  a  percentage  as  is  usually 
obtained  under  naturai  condidons.  When  we  recoUect  that 
almost  ali  workers  on  the  subject  bave  failed  to  get  any  cases  of 
recovery  after  even  a  few  hours*  drying  in  the  absence  of  sand  and 
that  Doyère  who  is  almost  alone  in  having  observed  such  recov- 
ery admits  that  in  bis  experiments  the  mortality  was  always  great 
and  recovery  very  slow,  we  see  the  great  importance  of  the  external 
conditions  under  which  desiccation  occurs. 

It  is  difficult  to  say  just  why  the  high  temperature  should  bave 
a  beneficiai  efFect.  It  cannot  be  that  by  promoting  chemical 
changes  it  causes  the  formation  of  a  protective  secretion  since  roti- 
fers dried  at  the  high  temperature  appear  even  more  sbrunken 
than  those  dried  at  a  low  one  and  furthermore  because  they  swell 
with  equal  readiness  in  a  moist  atmosphere  showing  the  perfect 
permeability  of  their  cuticle  to  water  vapor.  Perhaps  the  high 
temperature  by  favoring  greater  muscular  activity  may  cause  a 
greater  contraction  at  the  time  of  drying  and  thus  prevent  the 
injurious  stresses  set  up  in  the  tissues  of  a  partially  extended  animai 
when  the  water  leaves  it  rapidly.  However  this  may  be,  it  is  inter- 
esting  to  note  that  under  naturai  conditions  the  water  in  the  urns 
in  which  Philodina  lives  must  frequently  reach  a  fairly  high  tem- 
perature at  the  time  of  its  evaporation  from  exposure  to  the  sun^s 
rays  and  perhaps  the  greater  resistance  shown  by  this  rotifer  when 
dried  at  a  high  temperature  is  due  to  an  adaptation  to  the  condi- 
tions under  which  it  lives  in  nature. 
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e    EfFect  of  Duration  of  Desiccation 


The  efFects  so  far  considered  have  been  those  due  to  the  condi- 
tions  under  which  drying  occurred.  It  has  been  seen  that  the 
rapidity  of  the  drying  has  a  very  important  relation  to  the  ultimate 
effect  of  the  process  and  that  the  temperature  at  which  it  occurs 
is  also  of  importance.  There  are  other  efFects,  however,  which  do 
not  depend  on  the  conditions  under  which  the  desiccation  occurs, 
for  example,  it  has  long  been  known  that  the  duration  of  the  desic- 
cation must  be  taken  imo  account.  Other  things  being  equal, 
the  longer  the  rotifers  are  kept  the  smaller  are  their  chances  of 
recovery.  This  fact  has  been  noticed  by  numerous  observers; 
Davis  was  unable  to  revive  rotifers  that  had  been  kept  dry  under 
naturai  conditions  for  a  year.  The  follo wing  table,  based  on  experi- 
ments  made  on  rotifers  dried  fairly  rapidly  in  the  absence  of  sand 
illustrates  the  relation  that  exists  between  the  duration  of  the  desic- 
cation and  the  mortality.  The  rotifers  ali  came  from  the  same 
culture  and  were  dried  under  exactly  the  same  conditions  at  the 
same  time. 

TABLE  vn 

Effect  of  duration  of  Desiccation 


Time  of  drying 

Numbcr  of  individuals 

First  movements 
minutes 

Pcrccntagc  of 
recovcrics 

5  mÌDUtes 

40 
3^ 

33 

•    14 
22 

35 
68 

98 
89 

84 
60 

I  hour 

24  hours 

2  days 

4days ' 

54 

d     EfFect  of  Alternations  of  Moisture  and  Dryness 

Since  the  conditions  of  drying  in  the  preceding  experiments 
were  the  same  in  each  case  the  difFerence  in  mortality  observed 
must  be  due  to  some  progressive  change  or  changes  that  continue 
throughout  the  entire  period  of  desiccation,  the  only  variable  fac- 
tor  being  that  of  time.     The  question  arises  as  to  the  cause  of  the 
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larger  number  of  deaths  in  the  longer  period  of  drying.  Is  there 
a  graduai  loss  of  water  which  eventually  injures  the  aniinals  ? 
Does  slow  metabolìsm  gradually  destroy  the  organs  of  the  body 
in  the  absence  of  food  ?  Do  injurious  waste  products  accumulate 
which  cannot  be  eliminated  ?  Or  do  changes  of  temperature 
and  moisture  result  in  mechanical  injury  to  the  tissues  ? 

That  changes  in  moisture  and  changes  in  temperature  insofar 
as  they  cause  changes  in  the  relative  humidity  of  the  atmosphere 
bave  an  injurious  efFect  may  easily  be  shown.  In  the  follo wing 
experìments  two  dishes  containing  rotifers  from  the  same  culture 
were  dried  under  exactly  the  same  conditions,  no  sand  being 
present  in  either.  Both  were  placed  in  an  oven  at  a  temperature 
of  40°.  The  first  one  was  kept  covered,  its  condition,  therefore, 
remaining  uniform,  and  the  second  one  alternately  turned  upside 
down  over  a  small  dish  of  water  and  right  side  up  over  the  same 
dish,  being  thus  exposed  to  altemating  moist  and  dry  conditions. 
This  process  was  repeated  five  times  during  a  period  of  an  hour 
and  a  half.  In  no  case  were  the  rotifers  touched  by  the  water. 
As  in  the  other  experiments  the  time  required  for  the  appearance 
of  movements  and  the  percentage  that  recovered  were  noted. 


TABLE  vili 

EjJ€Ct  of  altermaions  of  moisture  and  dryness 


Number  of  individuals 

First  movements 

Percentage  of 
recovcries 

Dry  I  §  hours 

44 

55 

9  minutes 
no  movements 

48 

Alternately  moist  and  dry  5 
times 

This  experiment  is  interesting  in  several  ways.  In  the  first 
place,  if  death  depended  on  loss  of  water  as  assumed  by  Davis 
and  others  we  should  expect  the  mortality  to  be  less  in  the  second 
case  in  which  the  rotifers  had  scarcely  an  opportunity  to  become 
thoroughly  dried  than  in  the  first  in  which  evaporation  was  un- 
checked.  Instead,  we  find  the  reverse  to  be  the  case.  In  the 
second  place  the  experiment  shows  in  a  phyical  way  watsiologh 
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certain  experìments  mentioned  above  show  in  a  physical  way, 
namely,  that  the  cuticle  of  dried  rotifers  is  freely  permeable  to 
water  vapor,  their  death  being  caused  by  changes  in  the  amount 
of  moisture. 

Since  rotifers  are  so  easily  killed  by  rapid  changes  in  moisture 
content  it  must  be  supposed  that  in  nature  this  is  at  least  one  of 
the  factors  responsible  for  the  higher  mortality  during  long  periods 
of  desiccation.  The  causes  of  the  injury  as  in  the  case  of  rapid 
drying  is  probably  mechanical,  resulting  in  destruction  of  the 
delicate  internai  organs  and  the  cells  composing  them.  Rotifers 
living  under  naturai  conditionswhere  muchsand  and  organic  matter 
is  present  would  not  be  subjected  to  such  rapid  changes  as  those 
kept  in  small  dishes  and  hence  the  mortality  would  naturally  be 
expected  to  be  lower.  The  protective  efFect  of  sand,  therefore, 
is  due  not  only  to  prevention  of  too  rapid  drying  at  the  start  but  to 
prevention  of  too  rapid  changes  in  the  moisture  content  of  the 
animals  after  desiccation  has  occurred. 

e    EfFect  of  the  Intensity  of  the  Desiccation 

The  mechanical  injuries  to  the  tissues  caused  by  the  swelling 
and  shrinking  under  difFerent  atmospheric  conditions  are  not  the 
only  causes  of  death  during  a  prolonged  desiccation.  Under 
perfectly  uniform  conditions  either  in  the  dry  air  of  a  desiccator  or 
in  air  thoroughly  saturated  with  water  vapor  the  same  relation 
exists  between  mortality  and  duration  of  the  desiccation.  Other 
things  being  equal,  a  long  desiccation  is  more  injurious  than  a  short 
one.  Since  the  extemal  conditions  remain  the  same  the  injury 
must  be  due  to  some  progressive  change  occurring  within  the  body 
of  the  animai.  Conceivably  this  change  might  be  (i)  a  graduai 
loss  of  water  (2)  an  accumulation  of  injurious  waste  products  or 
(3)  metabolic  processes  by  which  either  the  reserve  supplies  of 
food  or  the  body  tissues  themselves  are  slowly  used  up. 

There  are  many  reasons  to  believe  that  the  first  of  these  possi- 
bilities  is  of  little  importance.  The  loss  of  water  after  the  first 
part  of  the  drying  has  occurred  would  be  extremely  slight  and 
under  ordinary  conditions  would  come  to  an  end  as  soon  as  an 
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equilìbrìum  had  been  reached  with  more  or  less  moist  surround- 
ing  atmosphere.  In  a  desiccator,  to  he  sure,  evaporation  could 
contìnue  almost  indefinitely,  but  it  has  been  seen  from  the  experi- 
ments  of  Doyère,  Gavarret,  etc,  that  even  after  the  most  intense 
desiccation  possible  by  physical  means  at  ordinary  temperatures 
many  rotifers  may  recover,  while  they  would  surely  have  been 
killed  if  kept  long  enough  under  conditions  in  which  the  same 
degree  of  desiccation  could  never  have  been  attained.  Further- 
more,  in  an  atmosphere  saturated  with  water  vapor  the  drying 
is  very  slight  and  yet  the  same  relation  between  mortality  and  dura- 
tion  of  desiccation  is  noticed  as  in  a  case  where  thorough  drying 
may  occur.  AH  attempts  made  in  the  course  of  this  work  to  show 
by  experiment  that  the  intensity  of  desiccation  in  itself,  and  apart 
from  other  factors,  has  an  efFect  on  the  mortality  gave  negative 
results.  It  could  not  be  proved  that  an  intense  degree  of  desic- 
cation is  more  injurious  than  a  moderate  one  except  insofar  as  a 
greater  mechanical  injury  results  when  the  water  is  extracted  rap- 
idly  from  the  tissues.  Presumably,  the  harmful  effect  of  very  per- 
fect  desiccation  would  be  but  slight  if  the  water  could  be  extracted 
slowly  enough  to  avoid  mechanical  injury  to  the  vital  organs. 
Indeedy  it  seems  certain  that  under  some  conditions  a  complete 
or  nearly  complete  desiccation  is  far  less  harmful  than  an  imper- 
fect  one.  Rotifers  kept  in  a  moist  atmosphere  actually  show  a 
greater  mortality  than  those  kept  in  a  dry  one.  The  foUowing 
experiment  makes  this  point  clear.  Four  dishes  containing  roti- 
fers from  the  same  culture  were  dried  under  exactly  the  same  con- 
ditions (40®  C.  and  no  sand).  AH  were  kept  for  four  days,  one 
covered  at  room  temperature,  one  covered  at  40®,  one  in  an  atmos- 
phere saturated  with  vapor  at  room  temperature  (average  20®) 
and  one  similarly  saturated  at  49^. 


TABLE  rX 
Efed  of  moisiure.    Temperature  consumi  (io*) 

Number  of  individuals 

xninutcs 

Peroenuge  of 
recovcrìct. 

BCoist  atmosphere. 

48 
54 

9 
8 

3» 
«5 

Dir  Atmotohere 
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TABLE  X 

Efject  of  moisture.     Temperature  Constant  (40®) 


Number  of  indìviduals 

First  movements 

Pcrcentagc  of 
recoveries 

MoÌ8t  atmosphere 

47 
45 

no  movements 
14  minutes 

0 

Dir  atmosohere 

71 

It  is  seen  from  the  tables  that  those  kept  in  the  moist  atmosphere 
showed  a  far  higher  mortality  than  the  others.  The  percentage 
that  recovered  was  only  38  per  cent  as  against  85  per  cent  at  room 
temperature  and  o  per  cent  against  71  per  cent  at  40°.  We  are 
forced  to  conclude  therefore  that  death  is  not  due  to  loss  of  water 
but  to  some  process  that  is  promoted  by  the  presence  of  water. 
This  being  the  case,  what  becomes  of  the  view  of  Davis  and  others 
that  rotifers  protected  from  desiccation  live  while  those  exposed  to 
it  die  ?  If  a  rotifer  be  protected  by  a  waterproof  and  airtight 
cyst  and  be  moist  inside  anyway,  why  shouid  the  presence  of  a 
little  moisture  in  the  air  surrounding  it  be  so  injurious  ?  This 
and  other  similar  experiments  show  how  untenable  such  a  theory  is 

/    EfFect  of  Temperature  on  Mortality 

It  has  been  seen  that  rotifers  dried  at  a  high  temperature  show  a 
lower  mortality  than  those  dried  at  a  low  one.  If,  however,  the 
high  temperature  be  allowed  to  continue  for  any  length  of  time 
it  has  a  harmful  efFect.  This  relation  suggests  that  certain  meta- 
bolic  changes  may  be  a  source  of  injury  to  the  animals  since  chem- 
ical  reactions  in  general,  including  those  which  go  on  in  the  bodies 
of  living  organisms,  take  place  far  more  rapidly  at  high  than  at 
low  temperatures.  The  fact  that  the  moisture  causes  an  increase 
in  the  mortality,  the  greatest  number  of  deaths  occurring  at  the 
high  temperature  in  the  moist  atmosphere,  confirms  this  view. 
For  convenience  in  comparison  the  two  preceding  tables  are  re- 
arranged  so  as  to  make  the  amount  of  moisture  the  Constant  factor, 
the  temperature  being  the  variable  one. 
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TABLE  XI 


Efect  of  temperature,    Moisture  Constant 
MoiST 

Number  of  indivìduals 

First  movements 

Percentage  of 
rccovcries 

Kcpt  at  20® 

48 

47 

9  mìnutes 
no  movements 

38 

Kept  at  40* 

TABLE  XII 

Efect  of  temperature.    Moisture  Constant 
Drt 


Number  of  indivìduals 


First  movements      1        Percentage  of 
mìnutes  I  recovcries 


Kept  at  io'*. 
Keptat4p^ 


54 
45 


8 
14 


85 

71 


4.     Condition  of  the  Life  Processes  in  a  Dried  Animai 

It  has  been  seen  that  the  causes  of  injury  to  Philodina  during 
a  process  of  drying  are  various  in  nature.  We  can  distinguish 
between  the  mechanical  injuries  resulting  from  too  rapid  desic- 
cation or  from  sudden  changes  in  the  moisture  content  of  the  tis- 
sues  and  the  injury  which  is  due  to  slow  changes  within  the  body 
of  the  animai  which  continue  under  the  most  uniform  external 
conditions.  The  fact  that  these  changes  are  greater  at  high  tem- 
peratures  and  under  conditions  of  moisture  than  at  low  tempera- 
tures  and  in  the  absence  of  water  makes  it  probable  that  they  are 
chemical  in  nature  and  represent  a  certain  amount  of  metabolism 
in  thebody  of  the  animai.  The  question  naturally  arises  whether 
death  in  the  cases  cited  was  due  to  an  actual  destruction  of  the 
tissues  or  to  some  more  indirect  cause.  The  former  alternative 
is  that  adopted  by  Ritzema  Bos  in  the  case  of  Tylenchus.  Many 
considerations  make  this  view  improbable  in  the  case  of  Philo- 
dina. In  the  first  place,  both  old  and  young  individuai  may  be 
kept  in  an  apparently  healthy  condition  for  at  least  a  week  in 
water  free  from  any  organic  matter  that  might  serve  as  food.  In 
this  case,  where  active  movements  continue  ali  the  while  and  where 
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the  body  is  thoroughly  saturateci  with  water,  destructive  metab- 
olism  would  necessarily  be  far  more  rapid  than  in  the  cases  men- 
tioned.  If  death  does  not  occur  in  the  former  case  it  would  be 
far  less  likely  in  the  latter.  The  death  of  rotifers  kept  for  four 
days  in  a  moist  atmosphere,  therefore,  cannot  be  explained  as 
being  due  to  destructive  metabolism  alone.  It  might  be  objected 
that  the  process  of  drying  in  some  way  lowers  the  vitality  of  the 
animals  so  that  they  are  more  readily  injured  by  changes  of  this 
sort.  That  this  is  not  the  case  is  shown  by  the  foUowing  experi- 
ment.  Thirty-nine  rotifers  were  dried  in  the  same  way  as  those 
used  in  the  last  mentioned  experiments.  The  dish  containing 
them  was  then  inverted  over  another  dish  of  water  in  such  a  way 
that  the  moisture  could  condense  on  it  in  small  droplets.  In  this 
way  each  rotifer  became  surrounded  by  a  minute  drop  of  water 
which,  however,  in  most  cases  was  too  small  to  permit  creeping, 
although  allowing  a  certain  amount  of  movement.  They  were 
allowed  to  remain  in  this  condition  for  four  days,  during  which 
rime,  of  course,  no  food  could  bave  been  obtained  even  though 
feeding  movements  had  been  possible.  When  water  was  added, 
ali  began  to  creep  at  once  and  seemed  perfectly  normal  in  every 
respect.  The  experiment  was  repeated  with  twenty-eight  rorifers 
and  again  100  per  cent  of  the  animals  recovered,  creeping  move- 
ments beginning  almost  immediately.  It  will  be  observed  that 
in  these  two  cases  the  animals  had  been  dried  and  by  the  addirion 
of  a  very  small  amount  of  water  placed  in  conditions  favorable  to 
metabolism.  Although  no  food  was  presene  ali  of  the  animals 
recovered.  Of  those  dried  in  the  same  way  and  kept  for  the  same 
rime  at  the  same  temperature  with  only  so  much  water  as  they 
could  absorb  from  the  air,  only  38  per  cent  recovered — and  this 
was  a  somewhat  higher  percentage  than  was  obtained  in  other 
similar  experiments. 

We  bave  to  deal,  therefore,  with  an  interesring  condition.  Rori- 
fers dried  and  kept  dry  recover  normally;  those  dried  and  placed 
in  a  small  quanrity  of  free  water  do  likewise;  those  dried  and  kept 
in  an  intermediate  state  are  mostly  killed.  What  is  the  cause  of 
this  condition  P  It  we  examine  a  rotifer  that  has  been  placed  in  a 
moist  atmosphere  after  being  dried  we  find  that  although  in  appear- 
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ance  it  is  plump  and  moist  there  are  absolutely  no  traces  of  move- 
ment  either  in  the  muscles  or  the  contractile  vesicle.  The  animai 
is  to  ali  appearances  dead,  although  the  experìments  mentioned 
show  that  certian  metabolic  changes  in  ali  probabiUty  are  occur- 
ring.  In  the  case  of  animals  surrounded  by  even  a  very  small 
quantity  of  free  water  movements  may  frequently  be  observed 
and  the  activity  of  the  nephridia  may  often  be  clearly  seen.  In  the 
dried  animai,  while  there  are  no  movements  of  any  sort,  metabolic 
changes  must  necessarily  be  very  slow.  It  is  possible,  therefore, 
that  in  the  case  of  the  rotifers  surrounded  by  the  moist  air  that 
death  may  be  caused  by  the  fact  that  only  a  part  of  the  functions 
of  the  body  continue  while  the  others  are  suspended,  metabolism, 
for  example,  gping  on  but  the  excretory  organs  being  unable  to 
remove  the  waste  substances  set  free.  Perhaps,  under  these  con- 
ditionsi  owing  to  the  impossibility  of  free  interchange  of  liquids 
between  the  difFerent  parts  of  the  body,  some  of  the  organs  are 
especially  affected  by  the  metabolic  changes  that  occur.  Whatevcr 
the  nature  of  the  processes  with  which  we  are  dealing  may  be,  it 
seems  certain  that  a  state  in  which  rapid  chemical  changes  may 
continue  while  some  at  least  of  the  other  vital  processes  bave  been 
suspended  is  one  of  great  danger  to  the  animai.  This  danger  may 
be  overcome  either  by  reducing  the  chemical  changes  that  occur 
by  further  drying  or  by  causing  the  resumption  of  the  other  vital 
processes  by  the  addition  of  a  little  free  water. 

It  is  interesting  to  note  that  the  suspension  of  many  of  the  normal 
activities  of  the  animai  occurs  very  suddenly.  If  a  rotifer  drying 
on  a  clean  slide  be  watched  under  the  microscope  and  a  drop  of 
water  added  at  the  instant  when  the  last  film  of  water  surrounding 
it  is  about  to  disappear,  movements  are  seen  to  be  resumed  within 
a  few  seconds;  if  the  water  be  added  a  second  after  the  film  has 
disappeared  no  movements  occur  for  several  minutes.  The 
actual  amount  of  desiccation  in  the  two  cases  is  almost  the  same; 
the  efFect  produced  is  very  difFerent.  As  the  last  traces  of  the  sur- 
rounding water  leave  the  animai  there  is  a  sudden  suspension  of 
certain  of  the  life  processes.  The  suddenness  of  this  suspension 
as  well  as  the  fact  that  it  occurs  before  actual  drying  of  the  tissues 
of  the  animai  has  begun  makes  it  probable  that  we  are  dealing 
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with  a  phenomenon  under  the  control  of  the  nervous  system.  We 
have  to  distinguish,  therefore,  between  metabolic  processes,  which 
continue  as  long  as  any  water  is  present,  and  other  life  processes 
which  come  to  a  sudden  stop  at  the  very  onset  of  desiccation. 

This  brings  up  the  question,  so  often  discussed  in  past  years,  as  to 
whether  a  rotifer  which  has  been  dried  as  thoroughlyas  possible  may 
be  ^aid  to  be  Hving  or  what  Preyer  terms  anabiotic,  that  is,  lifeless 
but  capable  of  Hfe  as  opposed  to  lifeless  and  incapable  of  life. 
The  truth  probably  lies  between  the  two  extremes.  We  have  no 
reason  to  believe  that  there  is  a  complete  cessation  of  ali  metabolic 
changes,  as  Preyer  and  others  have  asserted,  since  so  long  as  any 
traces  of  water  are  present  such  changes  are  possible  even  though 
they  may  be  greatly  reduced  in  extent,  and  it  is  well  known  that 
it  is  impossible  to  remove  ali  of  the  free  water  from  organic  sub- 
stances  at  ordinary  temperatures.  On  the  other  band,  there 
appears  to  be  a  complete  suspension  of  many  of  the  normal  vital 
processes.  Those  which  depend  on  movements,  either  muscular 
or  ciliary,  are  clearly  impossible,  and  in  ali  probability  many  others 
whose  nature  is  more  obscure  cannot  continue  in  the  almost  com- 
plete absence  of  water.  In  a  dried  rotifer,  therefore,  we  have  a 
cessation  of  the  functions  of  many  of  the  organs  as  such,  while 
a  certain  amount  of  metabolic  change  in  the  tissues  of  the  body 
as  a  whole  stili  continues.  Whether  an  animai  in  such  a  state  is 
to  be  called  living  or  lifeless  depends  entirely  on  our  definition  of 
"life.'' 

5     Effect  of  Desiccation  on  Egg  Production 

During  the  course  of  the  experiments  carried  on  on  Philodina 
it  became  apparent  that  a  definite  relation  exists  between  the 
periods  of  drying  and  those  of  egg  production.  It  was  noticed 
that  at  certain  times  eggs  and  eggcontainingindividualswerevery 
numerous  and  that  at  other  times  they  were  almost  lacking.  In- 
stead  of  a  continuai  production  of  eggs  as  might  be  expected  in  a 
culture  containing  individuai  of  ali  ages  and  ali  degrees  of  matur- 
ity  it  was  found  that  the  eggs  were  produced  at  almost  the  same 
time  by  ali  the  members  of  the  community  regardless  of  their  size 
and  age.     On  examining  the  records  kept  of  the  condition  of  the 
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various  cultures,  it  was  found  that  in  every  case  the  period  of  maxi- 
mum egg  production  had  been  preceded  by  a  period  of  desicca- 
tion and  furthermore,  that  each  desiccation  of  any  lengtfi  of  time 
had  been  foUowed  by  an  increase  in  the  reproductive  activity. 
This  relation  seemed  to  present  so  manypointsof  interest  that  more 
exact  observations  were  made  extending  over  a  period  of  several 
months.  In  addition,  certain  experiments  were  arranged  in  which 
other  factors  which  might  bave  an  influence  on  the  result  were 
kept  under  control.  The  following  is  an  account  of  the  observa- 
tions made  on  culture  II  during  January,  February  and  March, 
1908. 

The  culture  was  started  in  December,  1907.  After  being  dried 
several  weeks,  water  was  applied  on  January  2.  Beginning  with 
January  8  difFerential  counts  were  made  every  few  days  to  deter- 
mine the  percentages  respectively  of  eggs,  newly  hatched  young, 
and  adults  showing  developing  eggs.  These  counts  were  made 
from  random  samples  of  fifty  or  more  individuai  taken  from  dif- 
ferent  parts  of  the  dish.  Although  the  results  thus  obtained  could 
from  their  nature  be  only  approximate,  the  fact  that  several  counts 
made  on  the  same  day  usually  agreed  very  closely  and  that  smaller 
cultures  in  which  the  entire  mimberof  individuai  could  beobserved 
showed  exactly  the  same  changes  makes  it  certain  that  the  figures 
given  represent  fairly  accurately  the  condition  of  the  culture  as  a 
whole.  In  Fig.  I  the  percentages  of  the  difFerent  classes  of  indi- 
viduai bave  been  plotted  as  ordinates  over  the  dates  of  observa- 
tion  and  curves  drawn  to  represent  the  changes  that  occurred  in 
the  condition  of  the  culture  from  day  to  day.  The  breaks  in  the 
curves  represent  the  periods  of  desiccation. 

Reference  to  the  table  will  show  that  aside  from  a  few  irregu- 
larities  due  to  the  entrance  of  the  element  of  chance  the  curves 
for  the  three  periods  show  a  general  similarity.  The  curve  rep- 
resenting  the  number  of  egg  containing  individuai  shows  a  maxi- 
mum about  four  days  after  the  application  of  water,  that  represent- 
ing  the  number  of  eggs  shows  a  maximum  in  each  case  after  an 
interval  of  six  or  eight  days  and  that  representing  the  number  of 
young  atfer  ten  or  twelve  days.  These  figures  agree  closely  with. 
those  obtained  where  a  small  number  of  rotifers  were  kept  under 
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observation.  The  three  maxima  foUow  each  other  in  regalar 
order,  as  should  be  cxpected,  the  maximum  for  the  development 
of  the  eggs  within  the  body  coming  first,  then  that  for  the  deposited 
eggs,  and  finally  that  for  the  newly  hatched  young.  The  two  most 
noticeable  irregularìties  in  the  curves  occur  in  the  January  series. 
The  first  is  in  curve  i  where  the  maximum  comes  after  the  max- 
imum of  curve  2  instead  of  before  it.  This  is  probably  due  to  the 
fact  that  no  records  were  kept  between  January  2  and  January  8. 
It  they  had  been,  a  maximum  in  ali  probability  would  bave  been 
found  during  this  period.  The  second  irregularity,  that  in  the 
curve  representing  the  number  of  eggs,  on  January  25,  was  due  to 
finding  a  cluster  of  five  eggs,  the  eggs  usually  being  laid  in  groups. 
A  careful  search  failed  to  disclose  any  more  eggs  and  hence  this 
apparently  high  percentage  did  not  represent  a  general  condition 
in  the  culture,  being  merely  one  of  the  errors  of  chance  that  con- 
not  be  eliminated  from  a  method  of  this  sort.  However,  taken  as 
a  whole,  the  curves  show  in  a  striking  manner  the  relation  between 
desiccation  and  egg  laying. 

It  might  perhaps  be  objected  that  inasmuch  as  the  periods  of 
desiccation  came  at  approximately  equal  intervals,  their  apparent 
influence  on  egg  production  might  be  due  merely  to  a  chance 
coincidence  with  a  regular  periodici ty  in  the  production  of  eggs 
which  is  independent  of  extemal  conditions.  That  this  objection 
has  no  force  is  shown  by  the  fact  that  in  other  cultures  dried  at 
very  irregular  intervals  exactly  the  same  results  were  obtained  and 
furthermore  that  in  cultures  allowed  to  continue  for  a  long  time 
without  drying  no  such  periodicity  was  observed.  In  one  such 
case  the  culture  had  not  been  permitted  to  dry  for  several  months. 
During  the  latter  part  of  this  period  the  percentage  of  eggs  had 
fallen  almost  to  zero,  it  being  a  rare  occurrence  to  find  even  a  single 
egg.  The  culture  was  then  allowed  to  dry  for  two  weeks.  Ten 
days  afterward  the  percentage  of  eggs  had  increased  to  over  fifty 
where  it  remained  for  a  few  days  and  then  again  diminished  until 
a  week  or  two  later  it  was  at  zero. 

A  number  of  experiments  were  made  on  small  numbers  of  indi- 
viduai. By  keeping  them  in  a  fairly  small  drop  of  water  in  a 
covered  dish  an  accurate  count  could  be  made  of  the  number  of 
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eggs  produced.  In  one  such  case  thirty  rotifers  which  had  laid  no 
eggs  for  some  rime  previously  in  less  than  a  week  produced  fifty- 
five  eggs.  Similar  resuits  were  obtained  in  other  experiments. 
The  length  of  rime  necessary  for  the  appearance  of  eggs  was  about 
the  same  as  that  required  in  the  large  cultures. 

A  Factor  which  must  he  considered  as  a  possible  cause  of  the 
phenomenon  just  described  is  the  food  supply.  Associated  with 
Philodina  there  are  always  found  large  numbers  of  the  unicellular 
pianti  Sphaerella  lacustris.  The  rotifers  feed  to  some  extent  on 
the  partly  grown  cells  but  much  more  largely  on  the  small  micro- 
zoòids  which  are  produced  in  large  numbers  after  each  period 
of  desiccation.  It  might  be  thought,  therefore,  that  the  efFect 
observed  was  due  not  to  the  direct  influence  of  the  desiccation 
but  to  its  indirect  influence  in  causing  an  increased  food  sup- 
ply. To  decide  this  point,  experiments  were  tried  in  which  the 
rotifers  after  being  drìed  were  placed  in  water  free  from  micro- 
zoòids.  In  ali  such  cases,  although  there  was  no  increase  in  the 
food  supply,  egg  production  was  brought  about  just  as  before. 
The  foUowing  experiment  is  a  typical  one  selected  from  a  number 
showing  similar  resuits. 

Six  rotifers  were  taken  from  a  small  culture  in  which  no  eggs 
had  been  laid  for  several  weeks,  and  dried  on  a  clean  piece  of 
filter  paper  for  twelve  days.  On  March  7  they  were  placed  in  a 
dish  with  water  and  as  soon  as  they  had  revived  the  filter  paper 
was  removed.  No  food  of  any  sort  was  present.  In  one  of  the 
rotifers  the  ovary  was  slightly  enlarged,  in  the  others  it  showed  no 
signs  of  developing  eggs.  On  March  8  the  alimentary  tract  of  ali 
had  acquired  a  glandular  appearance  but  contained  no  food. 
Traces  of  egg  formation  were  observed.  On  March  9  three  con- 
tained fairly  well  developed  eggs.  On  March  io  ali  six  contained 
eggs  and  two  individuai  contained  two  eggs — a  rather  unusual 
occurrence.  On  the  i  ith  one  of  the  rotifers  had  died  but  the  other 
five  ali  contained  eggs.  On  the  I2th  seven  eggs  had  been  laid, 
on  the  I4th  eleven  and  on  the  i6th  twenty-one,  of  which  four  had 
hatched.  By  the  I7th  ten  of  the  twenty-one  eggs  laid  had  hatched 
and  by  the  2ist  ali  had  hatched,  no  newones  being  laid  after  March 
16.     On  the  2ist  only  one  of  the  five  rotifers  showed  any  signs  of 
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an  egg  in  the  ovary  and  this  one  did  not  develop.  No  further  egg 
laying  occurred. 

This  and  similar  experiments  show  that  the  production  of  eggs 
is  not  due  to  the  better  food  supply  after  a  period  of  desiccation; 
since  egg  production  takes  place  in  the  absenceof  food.  Further- 
more,  in  the  cases  where  a  few  individuals  were  kept  under  direct 
observation  the  formation  of  eggs  was  sometimes  observed  to  begin 
before  the  microzooids  had  been  produced.  That  the  food  supply 
is  not  without  efFect,  however,  is  shown  by  observations  such  as  the 
foUowing.  Seven  rather  small  rotifers  showing  no  trace  of  eggs 
were  dried  on  filter  paper  for  three  weeks  and  then  placed  in  a  dish 
of  clean  water  without  any  food  whatever.  The  development  of 
eggs  started  just  as  before  and  in  three  days  ali  except  one  con- 
tained  partially  grown  eggs.  Àt  this  point,  however,  develop- 
ment ceased,  the  eggs  becoming  no  larger.  Six  days  later  micro- 
zooids were  added  from  another  culture.  The  rotifers  fed  rather 
freely  on  them  and  in  three  days  ali  contained  large  eggs.  An 
egg  laying  period  then  ensued  which  did  not  difFer  from  those 
already  described.  This  experiment  shows  that  although  an  abun- 
dant  food  supply  is  not  the  factor  that  starts  egg  production,  a  suf- 
ficient  supply  of  food  must  be  present  in  order  that  the  latter  shall 
continue.  This  is  especially  the  case  in  smaller  rotifers  in  which 
the  reserve  supply  stored  in  the  tissues  of  the  body  is  not  great. 

Another  factor  that  must  be  considered  is  the  amount  of  oxygen 
present  in  the  water.  It  is  conceivable  that  the  failure  of  old  cul- 
tures  to  produce  eggs  is  due  to  an  exhaustion  of  the  oxygen  supply 
of  the  water  and  that  the  greater  activity  after  a  period  of  drying 
is  due  to  a  renewal  of  this  supply.  To  this  objection  it  may  be 
answered  that  cultures  in  which  Sphaerella  is  present  in  abundance 
and  in  which,  therefore,  considerable  oxygen  must  be  set  free  in 
the  presence  of  the  light,  behave  exactly  in  the  same  way  as  cul- 
tures in  which  Sphaerella  is  altogether  absent.  Furthermore,  the 
addition  of  fresh  water  when  the  culture  is  almost  dry  or  even 
after  a  very  short  period  of  desiccation  produces  no  noticeable 
efFect.  This  last  mentioned  fact  speaks  against  the  view  that  a 
diminished  production  of  eggs  in  old  cultures  occurs  as  the  result 
of  the  accumulation  in  too  large   quantities  of  injurious   waste 
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products.  No  matter  how  large  the  volume  of  water  added  no 
increase  in  egg  production  occurs  without  a  fairly  long  desiccation. 
In  cases  where  rotifers  were  transferred  to  other  dishes  and  placed 
in  fresh  water  there  seemed  to  be  no  noticeable  increase  in  repro- 
ductive  activity. 

Although  desiccation  is  able  to  cause  the  formation  of  eggs  at 
times  when  they  would  not  otherwise  appear  it  is  not  always  neces- 
sary  for  their  production.  In  an  experiment  made  to  determine 
the  length  of  life  of  Philodina,  several  individuai,  raised  from  the 
egg  without  any  desiccation,  when  about  a  week  old  began  to 
lay  eggs  and  continued  to  do  so  for  several  weeks.  Furthermore, 
it  must  be  noted  that  under  more  naturai  conditions  than  can  be 
obtained  in  the  laboratory,  eggs  seem  to  be  produced  more  freely 
than  in  the  cases  mentioned.  Their  production  does  not  seem  to 
be  so  clearly  related  to  a  period  of  desiccation.  This  may  be 
partly  due  to  the  greater  variety  in  the  conditions  met  with  out  of 
doors  in  a  large  stone  urn  and  partly  to  the  more  abundantfood 
supply  which  would  permit  the  efFects  of  a  single  drying  to  lasi 
for  a  longer  time.  However  this  may  be,  and  whether  or  not 
desiccation  is  the  only  factor  concerned  in  the  production  of  eggs 
the  experiments  described  leave  little  room  for  doubt  that  it  is 
a  factor  and  under  certain  conditions  a  most  important  one.  Un- 
der these  conditions  the  process  of  desiccation  serves  as  a  stim- 
ulus  to  cause  the  production  of  eggs  at  times  when  otherwise  they 
would  not  be  produced.  The  drying  in  some  way  starts  into  activ- 
ity the  previously  resting  germ  cells  and  inaugurates  a  process  of 
growth  and  division  which  may  continue  for  a  considerable  time 
after  the  initial  stimulus  has  ceased  to  act.  This  fact-  is  of  some 
interest  when  considered  in  connection  with  certain  other  well 
known  phenomena  relating  to  the  development  of  both  plants  and 
animals. 

It  is  well  known  that  most  cells  cannot  continue  to  grow  and 
divide  indefinitely,  without  receiving  certain  stimuli  from  without. 
The  behavior  of  some  of  the  Protozoa  furnishes  a  striking  exam- 
ple  of  this  point.  Several  workers  bave  shown  that  in  Paramoe- 
cium  after  a  number  of  generations  division  becomes  slower  and 
finally  ceases  unless  an  appropriate  stimulus  be  supplied.     In 
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nature,  this  takes  the  form  of  a  conjugation  with  another  individ- 
uai, but  as  Maupas,  Calkins,  and  others  bave  shown,  other  stimuli 
may  serve  the  same  purpose.  After  division  has  ceased  it  may 
again  be  started  by  a  change  in  food  or  by  various  chemicals. 
Perhaps  the  list  of  stimuli  that  produce  this  efFect  is  larger  than  we 
now  suspect.  Many  examples  might  be  given  of  the  efFect  of 
external  stimuli  in  causing  growth  to  proceed  beyond  its  usuai 
limits.  The  production  of  plant  galls  by  the  stings  of  insects  is 
one  of  the  best  known  cases.  Possibly  the  formation  of  certain 
pathological  growths  in  animals  is  due  to  similar  causes.  An- 
other example  is  furnished  by  the  regenerative  processes  that  occur 
in  both  plants  and  animals  after  injuries,  in  which  resting  cells 
are  stimulated  into  activity. 

In  the  case  of  the  germ  cells,  which  are  potentially  immortai 
the  effect  of  outside  stimuli  is  also  clearly  seen.  In  the  life  of 
nearly  every  egg  celi,  after  a  period  of  active  growth  and  division 
Comes  a  stage  in  which  further  development  isimpossible  without 
some  outside  stimulus.  Usually  this  stimulus  is  supplied  by  the 
entrance  of  the  sperm.  The  process  of  fertilization  hàs  for  its 
purpose  two  objects,  the  one  being  the  introduction  of  new  hered- 
itary  qualities  and  the  other  the  stimulation  of  the  resting  proto- 
plasm  of  the  egg  to  develop.  That  these  two  processes  are  dis- 
tinct  is  shown  by  the  fact  that  under  certain  conditions  develop- 
ment may  be  made  to  occur  in  the  absence  of  the  sperm.  Cases 
of  artificial  parthenogenesis  bave  been  reported  in  many  groups 
of  animals  in  which  fertilization  is  the  rule  in  nature.  The  echino- 
derms,  molluscs,  annelids,  and  insects  ali  furnish  examples,  and 
even  in  some  of  the  vertebrates  the  early  segmentation  stages  bave 
been  obtained  by  means  of  appropriate  stimuli.  Artificial  parthe- 
nogenesis may^be  brought  about  in  a  variety  of  ways.  Heat,  chem- 
icals, and  hypertonic  salt  solutions  bave  ali  been  used  with  success. 
Furthermore,  as  Loeb  has  shown,  a  combination  of  two  of  these 
methods  may  be  more  efFective  than  one  alone.  Experiment 
will  doubtless  show  new  methods  and  new  combinations  of  old 
methods  to  secure  the  same  result. 

Is  it  not  possible  that  in  the  case  of  Philodina  the  process  of  dry- 
ing  may  furnish  a  stimulus  comparable  to  those  just  mentioned. 
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the  desiccation  serving  to  start  the  development  of  the  resting  germ 
cells  ?  Analogous  cases  are  kndwn  in  plants.  Many  seeds  are 
known  to  be  incapable  of  germination  until  they  have  been  dried 
for  a  certain  length  of  time.  Drying  is  said  to  start  into  activity 
the  resting  buds  of  trees.  In  Sphaerella  lacustris,  which  is  always 
found  associated  with  Philodina,  microzoòids  are  always  pro- 
duced  in  large  numbers  after  a  period  of  desiccation.  Further- 
more,  in  Loeb's  experiments  on  artificial  parthenogenesis,  the 
extraction  of  water  from  the  eggs  by  hypertonic  solutions  fur- 
nished  a  very  efFectual  means  of  starting  developmental  processes. 
Loeb  has  shown  that  the  important  factor  in  this  case  is  the  actual 
loss  of  water  rather  than  its  reabsorption  when  the  eggs  are  again 
placed  in  normal  sea-water.  There  seems  to  be  no  doubt,  there- 
fore,  that  under  certain  conditions  loss  of  water  may  be  an  active 
agent  in  starting  processes  of  growth  and  development  in  resting 
cells. 

It  is  interesting  to  note,  although  the  fact  may  have  no  signifi- 
cance,  that  the  group  of  rotifers  to  which  Philodina  belongs,  which 
are  the  only  ones  of  the  rotifers  normally  subjected  to  frequent 
perìods  of  desiccation,  at  thè  same  time  are  the  only  ones  in  which 
sexual  reproduction  has  been  entirely  lost.  The  thought  suggests 
itself  that  in  the  presence  of  such  great  changes  in  the  extemal 
conditions  the  stimulus  furnished  by  the  union  of  the  sex  cells 
of  diiFerent  individuai  is  not  so  necessary  as  in  most  other 
animals.  On  the  other  band,  it  must  be  noted  that  in  the  aphids 
parthenogenesis  is  said  to  continue  as  long  as  the  extemal 
conditions  remain  uniform,  males  being  produced  only  when 
there  is  a  change  in  these  conditions.  Be  this  as  it  may,  the  fact 
remains  that  desiccation  in  certain  rotifers  is  able  to  bring  on  a 
period  of  Veproduction.  Whether  or  not  this  is  the  only  factor 
involved  it  undoubtedly  is  an  important  oiie  and  one  which  may 
be  found  to  have  a  wider  significance  than  we  now  suspect. 

vili      SUMMARY 

I  Rotifers  of  ali  ages  may  recover  ali  of  their  normal  activities 
after  an  extended  period  of  desiccation. 
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2  The  tissues  of  the  body  become  truly  desiccated,  as  is  shown 
by  the  amount  of  shrinkage  that  occurs,  by  physical  and  chemical 
tests  for  water,  and  by  other  more  indirect  methods.  The  desic- 
cation, however,  must  not  be  considered  an  absolute  one,  it  being 
impossible  to  remove  the  last  traces  of  water  at  ordinary  tempera- 
tures. 

3  The  cuticle  of  Philodina  under  ali  conditions  of  desiccation 
is  freely  permeable  to  water  vapor  and  gases.  No  evidence  of  a 
waterproof  cyst  can  be  found. 

4  The  presence  of  sand,  etc,  is  not  necessary  that  recovery 
shall  occur  as  many  bave  claimed.  By  proper  conditions  of  dry- 
ing  almost  ali  of  the  individuai  recover  after  a  desiccation  of  at 
least  four  days  in  the  absence  of  ali  solid  matter  whatever. 

5  The  process  of  drying  is  always  more  or  less  injurìous  under 
any  conditions,  as  is  shown  by  the  fact  that  some  deaths  almost 
always  occur  and  that  it  may  not  be  repeated  indefinitely. 

6  The  chances  of  recovery  of  a  given  individuai  depend  on 
its  previous  condition  as  well  as  on  the  circumstances  under 
which  drying  occurs. 

7  The  rapidity  of  the  drying  process  has  a  very  important 
eflFect  on  the  mortality,  rapid  drying  being  more  injurìous  than 
slow  drying.  It  is  apparently  immaterìal  by  what  means  the 
process  of  drying  is  slowed. 

8  The  injurìous  effect  of  rapid  drying  seems  to  be  due  to 
mechanical  injurìes  to  the  vital  organs  and  the  cells  composing 
them  caused  by  the  rapid  extracrìon  of  water. 

9  The  final  intensity  of  the  desiccation  makes  little  diflPer- 
ence  in  the  mortality  provided  it  be  attained  gradually  enough. 

10  Other  things  being  equal,  a  fairly  high  temperature  at  the 
time  of  drying  is  favorable,  a  low  one  unfavorable. 

11  Alternarìons  of  moisture  and  dryness  are  very  injurìous. 

12  Rotifers  kept  at  a  high  temperature  show  a  greater  mor- 
tality than  those  kept  at  a  low  one. 

13  Rotifers  kept  in  a  moist  atmosphere  show  a  greater  mor- 
tality than  those  kept  in  a  dry  one. 

14  Metabolic  changes  in  the  tissues  probably  continue  in 
drìed  rotifers  though  very  much  retarded.  The  functions  of  the 
varìous  organs  as  such  are  suspended. 


Digitized  by 


Google 


202  Merkel  Henry  Jacobs 

15  The  suspensìon  of  these  funcrions  occurs  very  suddenly, 
possibly  owing  to  nervous  control. 

16  Desiccation  usually  brìngs  on  a  period  of  reproductive 
activity. 
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INTRODUCTION 

The  object  of  this  paper  is  to  consider  the  movements  and 
reactions  of  jEolosoma  under  definite  conditions  of  control,  as  a 
contribution  leading  toward  an  analysis  of  the  nature  of  its 
behavior. 

iEolosoma  is  able  to  move  about  freely  in  the  ambient  medium. 
The  energy  which  finds  expression  in  the  peformance  of  these 
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movements,  for  the  most  part  at  least,  is  set  free  by  the  rearrange- 
ment of  certain  chemical  aggregates  within  the  animai  itself. 
These  internai  changes  which  find  expression  in  external  move- 
ment  are  a  fundamental  part  of  the  animai  economy.  They  tend 
to  restore  or  maintain  a  certain  physiological  equilibrium  which 
is  essential  to  its  well  being. 

On  the  other  band,  the  ultimate  source  of  the  energy  which 
gives  rise  to  these  movements  comes  to  the  animai  through  external 
media.  As  the  animai  moves  about  it  is  constantly  coming  in 
contact  with  other  supplies  of  energy  which  bave  their  play  in  its 
environment,  and  there  immediately  results  a  mutuai  reaction 
between  the  animai  economy  and  the  external  supply  of  energy 
or  "stimulus"  thus  encountered.  The  form  of  the  rèaction  that 
may  be  exhibited  upon  such  a  contact  depends  both  upon  the  mor- 
phological  and  physiological  organization  of  the  animai,  and  also 
upon  the  sort  of  stufF  that  may  house  the  external  energy.  If 
this  energy  be  in  the  form  of  food  particles,  for  instance,  it  may  be 
readilyappropriated  through  the  various  channels  of  ingestion  and 
assimiladon.  If  it  be  such  as  to  disturb  the  internai  processes, 
other  and  varied  movements  may  result.  The  sum  total  of  ali 
the  movements  exhibited  by  iÉolosoma  in  a  given  rime,  in 
response  to  a  changing  environment,  we  designate  as  its  behavior. 

The  problem  of  behavior  from  this  point  of  view  naturally 
hinges  upon  the  interpretarion  of  the  relations  which  exist  between 
the  external  srimulus  and  the  concomitant  reacrion  of  the  animai. 

As  an  introduction  to  this  subject  we  will  first  consider  the 
morphological  basis  of  the  behavior  of  .^losoma;  its  movements 
and  reacrions  in  a  state  of  nature;  and  finally  the  physiological 
efFects  produced  through  physical  changes  in  its  environment. 
We  will  then  investigate  the  movements  and  reactions  of  ìEoIo- 
soma  under  the  control  of  definite  chemical  srimularions  associ- 
ated  with  certain  changes  in  its  environments  as  suggested  by 
these  observarions  on  its  naturai  history. 

I  wish  to  express  my  deep  obligarion  to  Prof.  H.  S.  Jennings, 
who  suggested  this  problem  to  me,  and  for  bis  kind  assistance  in 
outlining  a  general  method  of  procedure;  to  Profs.  E.  G.  Conkin 
and  J.  Percy  Moore  for  many  valuable  hints  and  correcrions. 
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Only  very  brief  references  to  the  naturai  history  of  .^losoma 
may  be  found  in  the  literature.  Some  of  these  will  be  noted  in 
passing.  No  careful  investigation  into  its  behavior  has  been 
made. 

General  Morphology 

.^losoma  is  the  only  genus  thus  far  described  of  the  Oligochae- 
tan  family,  iEoIosomidae  (Aphanoneura,  Vedjovsky).  It  abounds 
in  fresh  water  ponds  and  streams  throughout  the  equatorial  and 
neo-arctic  regions.  A  schematic  drawing  of  the  animai  appears 
in  Fig.  I.     The  different  species  vary  in  length  from  about  i  mm. 


Fig.  I. 

Ventrjl  Vicw  of  iEdosoma. 
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(A.  quaternarium)  to  about  io  mm.  (A.  tenebrarum).  The  seg- 
ments,  expressed  chiefly  in  epidermal  structures,  are  from  5  to  15 
or  more  in  number.  The  brain,  or  cerebral  ganglia,  and  the  ven- 
tral  nerve  cord,  are  noteworthy  in  that  they  are  buried  in  the 
epidermis  (Vedjovsky  '84).  Each  segment,  with  the  exception 
of  the  head  segment,  and  the  budding  zones,  bears  four  bundles 
of  setae.  The  head  segment  bears  a  prominent  flexible  upper  hp, 
or  prostomium,  which  is  ciliated  on  the  under  side.  The  prosto- 
mium  is  thin  dorsoventrally,  and  is  concave  on  the  under  side, 
making  it  somewhat  spoonshaped.  Circling  about  the  tip  of  the 
prostomium  project  little  spines  or  hairs,  which  are  connected  with 
sensory  hairs  lying  on  the  inner  side  of  the  epidermis  (Brace  '01). 
At  its  base  the  lateral  edges  of  the  prostomium  fold   into  the 
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buccal  cavity.  The  ridge  thus  formed  about  the  mouth  possesses 
larger  cilia  than  those  present  on  other  parts  of  the  prostomium 
and  the  beat  is  correspondingly  slower.  Surrounding  the  mouth 
from  the  rear  and  running  forward  and  upward,  so  as  to  partially 
overlap  the  rear  lateral  edges  of  the  prostomium,  is  a  prominent 
under  lip  or  peristomium.  This  lip  may  be  so  extended  that  it 
practically  reaches  the  size  of  the  prostomium,  or  so  far  withdrawn 
that  it  becomes  almost  invisible.  It  is  not  cihated.  The  pharynx 
is  a  pear  shaped  organ  and  very  muscular.  It  is  attached  to  the 
body  Wall,  caudad,  by  a  series  of  muscle  fibers.  The  anal  seg- 
ment  has  two  papillae  at  its  tip,  similar  in  shape  and  function  to 
the  toes  of  a  rotifer.  These  papillae  seem  to  bave  been  overlooked 
in  previous  observations  on  the  strutture  of  ^^losoma. 

There  are  two  layers  of  muscle  fibers,  one  circular  and  one 
longitudinal,  lying  dose  to  the  inner  side  of  the  epidermis  through- 
out  the  body  segments.  These  muscle  fibers  are  capable  of 
enormous  contraction  and  extension.  Within  the  epidermis  are 
numerous  gland  cells,  some  of  which  secrete  mucus,  while  others 
secrete  an  oily  substance  which  is  scattered  in  characteristic 
"globules"  throughout  the  epidermis.  There  is  a  thin  semitrans- 
parent  membrane  forming  the  outer  layer  of  the  epidermis,  and 
but  loosely  connected  with  the  other  epidermal  aggregates. 

iEolosoma  is  hermaphroditic.  It  also  reproduces  by  the  for- 
mation  of  zooids  in  a  way  similar  to  that  of  Stenostoma.  I  bave 
never  found  any  specimens  that  were  sexually  mature.  They 
bave  been  observed,  however,  by  D'Udekem  ('62),  Maggi  ('65), 
Stole  ('89),  and  Nelson  ('06). 

Movements  and  Reactions  in  a  State  of  Nature 

The  food  of  iEolosoma  consists  largely  of  bacteria,  diatoms, 
unicellular  algse,  and  the  soft  mesophyll  tissues  of  decaying  leaves. 
When  feeding  the  pharynx  is  generally  protruded  so  as  to  come 
in  contact  with  the  substratum.  The  peristomium  is  also  con- 
siderably  extended  and  spread  out  on  either  side.  The  prosto- 
mium is  spread  out  and  elevated  above  the  piane  of  the  pharynx 
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and  peristomium.  The  phatynx  sucks  in  the  algae,  bacterìa  etc, 
assisted  by  the  beat  of  the  large  cilia  or  cirri  of  the  buccal  cavity. 
When  larger  pieces  of  food  are  to  be  swallowed  the  prostomium 
and  peristomium  may  be  used  as  lips  to  envelop  the  substance  to 
be  ingested. 

As  an  aid  in  securing  food  the  small  cilia  of  the  peristomium 
beat  incessantly  from  before  backwards,  drawing  currents  of  water 
from  in  front  of  the  animai  and  washing  them  against  the  cirri 
of  the  buccal  cavity.  By  testing  these  currents  with  fine  india 
ink  granules,  it  was  noted  that,  in  the  case  of  a  large  A.  tenebrarum, 
the  currents  began  fuUy  4  mm.  anterior  to  the  animai,  were  drawn 
past  the  sensory  hairs  into  the  buccal  cavity,  then  were  caught  and 
turned  to  either  side  by  the  extended  peristomium. 

These  currents  serve  a  twofold  function.  They  carry  particles 
of  food  material  into  the  region  of  the  mouth,  and  also  enable  the 
animai,  by  means  of  sensory  hairs,  to  test  the  media  into  which 
it  is  moving.  These  cilia  always  beat  in  the  one  direction.  As 
the  animai  moves  along,  the  anterior  segments  of  the  body  are 
shifted  about  in  ali  directions  by  muscular  activity.  The  head  is 
also  advanced  and  withdrawn  successively.  With  these  move- 
ments  are  seen  various  foldings  or  puckerings  of  the  prostomium 
in  which  the  little  sensory  bristles  seem  alternately  to  be  covered 
over  and  then  extended  through  the  loose  enfolding  membrane. 
These  associated  movements  are  designated  as  the  "exploring 
reaction."  Similar  movements  on  the  part  of  the  flat-worm,  were 
called  "feeling  movements"  by  Pearl  ('03).  At  the  suggestion 
of  Dr.  Jennings  we  bave  decided  to  classify  these  phenomena  as 
"exploring  reactions"  as  being  less  subjective  and  more  appro- 
priate in  this  particular  fìeld. 

When  approaching  an  unfavorable  locality  the  "exploring" 
reaction  becomes  more  pronounced,  and  is  usually  foUowed  by  a 
quick  dart  of  the  head  backward  and  its  extension  in  another 
direction.  These  darting  movements  always  foUow  when  the 
prostomium  first  comes  in  contact  with  any  solid  substance,  or 
even  with  the  surface  film  when  crawling  up  the  sides  of  the  jar. 
If  the  object  is  not  harmful  the  prostomium  may  be  returned  and 
thus  touch  the  object  two  or  three  times  until  a  certain  "familiar- 
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ty"  is  established.  The  animai  then  moves  over  or  about  the 
object  without  further  retardation.  If  the  object  should  be 
injurious  the  backward  move  is  vigorous,  the  head  is  thrust 
energetically  in  another  direction,  and  a  general  movement  av^ay 
from  the  scene  of  contact  is  made.  Sometimes  the  avoiding  move- 
ment is  so  energetic  that  the  dart  backward  and  tov^rard  one  side 
are  practically  simultaneous.  In  this  case  there  is  usually  a  com- 
pensatory  movement  of  the  posterior  segments  in  the  opposite 
direction  from  that  of  the  prostomium.  At  other  dmes  the  action 
of  the  head  may  be  entirely  reversed  by  the  violence  of  the  move- 
ment and  the  animai  will  glide  directly  away  from  the  unfavor- 
able  region.  This  movement  is  well  illustra ted  when  the  prosto- 
mium Comes  in  contact  yfìxh  one  of  the  tentacles  of  a  hydra. 

The  locomotor  movements  of  .^losoma  while  feeding  are  of  a 
s\oyf  crawling  nature.  The  beat  of  the  cilia  under  the  prostomium 
seem  to  play  no  part  in  them.  Progress  is  made  by  means  of 
successive  alternate  contraction  and  extension  of  the  muscles  of 
the  body  segments.  In  this  way  the  ^Eolosoma  may  move  back- 
ward or  forward.  In  the  more  rapid  of  these  movements  the 
pharynx  and  papillae  are  alternately  stuck  to  the  substratum  while 
the  other  end  is  advanced  or  retracted.  This  movement  may 
be  so  vigorous  as  to  resemble  the  looping  of  a  "measuring'*  worm. 

There  is  generally  associated  with  the  feeding  reaction  a  cer- 
tain  peristaltic  movement  of  the  body  wall  which  is  entirely  inde- 
pendent  of  the  movements  of  the  digestive  tract.  The  wave 
begins  in  the  region  of  the  pharynx  and  runs  backward  to  the  end, 
slightly  elevating  the  several  bundles  of  setae  as  it  passes  through 
them.  There  is  no  evident  shortening  or  elongation  of  the  body 
during  the  process.  The  waves  foUow  each  other  in  rhythmical 
succession  at  brief  intervals.  They  may  vary  in  size  within  rather 
wide  limits.  They  are  more  vigorous  about  the  rime  of  the  exci- 
sion  of  a  zooid  from  the  parent.  As  constricrion  proceeds  there 
is  a  noticeable  "twitch"  as  the  peristaltic  wave  passes  from  the 
parent  to  the  zooid  owing  to  the  imperfect  muscular  connection 
between  the  two.  It  is  during  one  of  these  twitches  that  separa- 
rion  is  finally  afFected. 

If  the  food  becomes  scarce  in  the  immediate  neighborhood 
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iEolosoma  may  glide  or  swim  to  other  regions  in  a  way  similar  to 
the  gliding  movement  of  a  triclad.  In  this  case,  the  cilia  under 
the  prostomium  are  the  only  organs  of  propulsion.  The  body  is 
somewhat  extended  and  straight.  The  peristomium  is  with- 
drawn  so  as  to  he  practically  invisible.  The  cilia  under  the  pros- 
tomium seemingly  beat  more  rapidly  than  before  and  propel  the 
animai  forward.  The  setae  are  turned  to  a  sharp  angle  caudad. 
Movement  is  always  forward  and  may  attain  a  speed  of  5  mm. 
or  more  per  second.  Ali  changes  in  directions  are  made  by  rota- 
tion  of  the  head  by  exercise  of  the  muscles  of  the  pharyngeal 
region.  When  iEolosoma  settles  down  after  gliding  or  swimming 
the  posterior  segments  are  generally  the  first  to  come  in  contact 
with  the  substratum.  Swimming  in  the  open  may  also  be  stopped 
by  a  quick  forward  thrust  of  the  setae.  This  may  be  vigorous 
enough  to  stop  ali  forward  progress  or  to  even  throw  the  animai 
slightly  backward. 

When  iEolosoma  comes  to  rest  where  currents  of  water  are 
flowing,  its  position  is  maintained  by  gripping  the  substratum 
with  the  pharynx  in  a  way  similar  to  the  suction  disc  of  a  leech, 
as  noted  by  Beddard  ('88), or  more  generally,  by  sticking  to  it  by 
means  of  the  caudal  papillae.  When  feeding,  under  such  condi- 
tions,  the  papillae  only  are  used,  changes  in  position  being  made 
by  looping. 

The  ^^olosoma  show  a  great  tendency  to  burrow  in  the  ooze 
at  the  bottom  of  the  jar.  The  prostomium  is  narrowed  laterally 
and  extended  somewhat  in  front  and  then  thrust  downward  into 
the  sediment.  Progress  is  made  by  means  of  a  rapid  spirai  twist- 
ing  movement  of  the  body. 

In  the  performance  of  ali  these  movements  the  animals  scerete 
considerable  mucus.  The  mucus  entangles  large  numbers  of 
bacteria  and  algae  which  are  caught  up  as  the  animai  moves  about. 
For  this  reason  the  iEolosoma  will  frequently  twist  about  and 
browse  over  the  mucus  film  surrounding  the  major  part  of  the 
body,  or  apparently  feed  anew  on  old  excreta.  They  are  attracted 
to  the  mucus  tracts  and  excretory  masses  more  largely  when  the 
food  supply  is  scarce.  Under  such  conditions,  when  one  ìEoIo- 
soma  Comes  in  contact  with  another  the  "feeding  reactions"  are 
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mutually  exhibited.  They  also  get  more  or  less  stuck  together 
by  the  adhesive  mucus.  If  several  get  stuck  together  in  this  way 
the  difficulties  of  separation  become  serious.  This  leads  to  what 
has  been  termed  a  "grouping"  of -^Eolosoma. 

The  secretion  of  mucus  may  be  also  of  protective  signi ficance. 
An  -^Eolosoma  was  seized  near  the  middle  segments  by  one  of  the 
tentacles  of  an  hydra.  Immediately  there  was  a  violent  end  to 
end  contraction  of  the  body  wall,  in  which  large  quantities  of 
mucus  and  numerous  oil  globules  were  extruded.  This  stufF 
seemed  to  thicken  considerably  upon  contact  with  the  water.  In 
a  few  moments  the  iEolosoma  was  able  to  squirm  away  with  a 
spirai  stretching  movement  leaving  the  mucus  and  globules  in 
the  grasp  of  the  hydra.  This  heavy  extrusion  of  mucus  and 
globules  was  probably  stimulated  by  the  stinging  cells  of  the  hydra, 
as  similar  reactions  are  readily  obtained  with  strong  acid  or 
alkali  stimulations.  These  phenomena  closely  resemble  the  dis- 
charge  of  trichocysts  by  paramoecia  under  chemical  stimulations, 
(Massart  'oi);  or  when  attacked  by  Didinium  (Mast  '09).  Both 
of  these  authors  assume  that  the  trichocysts  function  as  organs 
of  defense. 

^^losoma  come  out  more  actively  for  food  during  the  night. 
Many  may  be  seen  in  the  early  hours  of  the  morning  feeding  about 
the  sides  of  the  jar.  On  a  bright  day,  when  the  jar  is  not  pro- 
tected  from  the  light,  they  gradually  seek  refuge  among  the  débris 
at  the  bottom  of  the  jar.  If  the  jar  then  be  carefuUy  covered 
over,  in  a  few  hours  they  come  out  of  their  hiding  place  and  feed 
as  before.  When  they  are  put  into  a  clear  glass  dish  on  the  stage 
of  the  microscope  and  bright  light  turned  upon  them  from  beneath 
they  move  about  so  actively  that  it  is  most  difficult  to  observe  them 
carefully.  If  a  blue  glass  is  placed  beneath  them  and  the  source 
of  light  their  movements  are  noticeably  accentuated.  Ultra- 
violet  light  (>l275)  destroys  them  in  a  few  moments.  Little  change 
in  their  behavior,  if  any,  was  induced  by  red  light.  If  a  number 
of  iEolosoma  are  placed  in  a  clear  glass  dish  and  subjected  to  very 
bright  daylight  for  several  days,  the  number  and  size  of  the  oil 
globules  are  considerably  increased.  Budding  and  fission,  how- 
ever,  show  a  marked  retardation.     On  the  other  band,  if  they  are 
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kept  in  the  dark  fot  the  same  length  of  rime,  the  appearance  of  the 
Oli  globules  undergoes  no  perceptible  change,  but  the  number  of 
budding  zooids  will  be  noriceably  large. 

The  activity  of  iEolosoma  also  varies  with  changes  of  tempera- 
ture. When  the  water  is  cold  their  movements  are  correspond- 
ingly  sluggish.  As  the  temperature  is  raised  the  animai  becomes 
increasingly  more  acrive  until  Ehrenberg's  descripriòn  as  '*ex- 
tremely  agile"  becomes  peculiarly  fitring.  The  same  animals 
will  pass  through  ali  stages  of  relative  activity  from  the  early  hours 
of  the  morning  when  the  water  is  cool  to  the  mid-afternoon  when 
the  temperature  is  raised  by  the  warmth  of  the  day. 

These  variations  in  activity  are  correlated  with  changes  in  the 
processes  of  constructive  metabolism.  If  the  animals  are  kept 
in  cold  water  they  feed  very  slowly  and  evidence  of  reproduction 
practically  disappears.  Just  the  reverse  is  true  when  the  water 
is  kept  warm  for  some  days. 

iEolosoma  seems  to  require  certain  periods  of  rest.  The  rest- 
ing  stage  may  be  observed  more  generally  when  the  light  is  sub- 
dued,  and  the  water  is  cool.  The  only  movement  in  evidence  at 
such  times  is  the  gentle  waving  of  the  setae.  The  animals  lie 
somewhat  extended  and  approximately  straight.  If  left  undis- 
turbed  they  may  lie  in  this  position  for  several  hours  at  a  rime. 


Summary 
The  Action  System 

The  daily  life  of  ^Eolosma  exhibits,  as  has  just  been  shown» 
certain  movements  which  we  may  cali  the  "action  system"  of  the 
animai  (Jennings  '04). 

Some  of  these  are  primarily  concerned  in  the  quest  of,  and  the 
ingestion  of  food. 

1  The  beat  of  the  ciHa  under  the  prostomium  which  may  draw 
sample  currents  of  water  past  the  sensory  hairs,  or  may  propel 
the  animai  in  gliding  or  swimming. 

2  The  "exploring''  movements,  which  consist  of  little  side 
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thrusts  of  the  head  in  various  directions  associated  with  a  pucker- 
ing  of  the  prostomium. 

3  The  crawling  movement,  in  which  progress  is  made  only  by 
muscular  contraction  and  extension.  Progress  may  he  assisted 
by  alternate  holding  to  the  substratum  by  means  of  the  pharynx 
and  caudal  papillae. 

4  The  feeding  reaction,  which  consists  of  the  extrusion  of  the 
pharynx,  and  the  swallowing  of  food  particles. 

Other  movements  are  protective. 

1  The  avoiding  movements,  which  consists  of  a  backward  dart 
of  the  head  and  its  projection  in  another  direction. 

2  A  vigorous  contraction  of  the  body  segments  which 
squeezes  out  many  gland  cells,  mucus  and  globules. 

3  Burrowing  in  the  sediment. 

4  Holding  to  substratum  by  means  of  pharynx  or  caudal 
papillae. 

More  or  less  associated  with  ali  of  the  above  movements  are 
peristaltic  waves  and  the  constriction  of  zooids. 

The  Physiological  States 

The  emphasis  with  which  these  movements  may  find  expression 
and  their  coòrdination  in  the  animai  economy  varies  widely  under 
changing  conditions.  These  changing  conditions  in  the  ambient 
medium  have  an  immediate  effect  on  the  equilibrium  of  the  inter- 
nai States  of  the  animai.  These  physiological  states,  as  associated 
with  changes  in  external  conditions,  for  our  present  purpose,  may 
be  grouped  under  the  following  categories: 

1  State  of  Relax ation.  This  state  is  peculiar  to  a  cool  environ- 
ment  when  the  light  is  subdued. 

2  State  of  Normal  Activity,  This  embraces  the  phenomena 
of  the  feeding  and  exploring  reactions,  the  crawling  and  gHding 
movements.  It  marks  the  rime  when  the  processes  of  metabolism 
and  anabolism  are  in  balance. 

3  State  of  Tension.  This  marks  the  period  when  destructive 
forces  are  in  ascendency.  The  movements  are  energetic  and 
exhausring.     Readjustment   of  equilibrium    through    movement 
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approaches  a  minimum.     May  be  produced  by  high  temperature 
or  excessive  light. 

MATERIAL  FOR  EXPERIMENTS 

Two  species  of  iEolosoma  were  used  in  the  course  of  these 
experiments.  One  probably  A.  quaternarium;  Ehrenberg,  was 
found  in  great  abundance  in  old  paramoecium  cultures.  The  basis 
of  these  cultures  usually  consisted  of  partially  decayed  leaves  and 
grass  from  near  the  shore  of  a  small  pond  in  the  Botanical  Gardens 
of  the  University  of  Pennsylvania.  The  fact  that  the  materials 
from  which  these  cultures  arose  was  gathered  when  dry  suggests 
either  that  the  iEolosoma  come  from  encysted  ani  mais  or  from 
eggs.  I  bave  not  been  able  to  discover  whether  they  come  from 
one  or  both.  The  life  history  of  this  species  seem  to  undergo 
periodic  changes  (Vedjovsky,  1892),  quite  difFerent  from  that  of  A. 
tenebrarum.  The  cultures  were  always  several  weeks  old  before 
the  iEolosoma  appeared.  When  first  discovered  they  always  were 
full  grown  with  the  fission  zone  of  budding  zooids  well  marked 
in  numberless  individuai.  From  these  sa  me  cultures  after 
extensive  proliferation  for  two  or  three  months,  the  whole  colony 
of  iEolosoma  sometimes  disappeared  in  the  course  of  a  single 
night.  I  examined  the  sides  of  the  jar  and  much  of  the  débris 
at  the  bottom  but  could  not  find  anything  that  was  suggestive  of 
the  causes  or  results  of  this  phenomenon.  Beddard  ('92)  had 
the  same  experience  but  later  discovered  the  encysted  iEolosoma. 
He  attributes  the  encystment  to  the  approach  of  cold  weather 
My  cultures  evidently  sufFered  from  the  introduction  of  some 
pathogenic  conditions  which  destroyed  them. 

The  other  species,  probably  A.  tenebrarum  (Vedjovsky)  was 
gathered  in  large  quantities  from  the  slime  on  loose  stones  along 
the  shores  of  the  Schuylkill  River,  just  below  Fiat  Rock  Dam,  a 
few  miles  north  of  Philadelphia. 

These  species,  with  a  number  of  slime  covered  stones  were 
preserved  indefinitely  in  8  inch  battery  jars.  Other  cultures  of 
A.  tenebrarum  were  frequently  secured  by  placing  old  water 
hyacinths  in  battery  jars  filled  with  fresh  water.     In  a  fewdays 
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large  numbers  of  the  iEolosoma  might  be  observed  during  the  early 
hours  of  the  day,  crawling  about  the  sides  of  the  jars. 

There  were  a  number  of  suggestive  difFerences  noted  between 
these  two  species  in  their  reactions  to  changes  in  the  relative 
amount  of  light,  moisture,  and  temperature  pervading  the  ambient 
medium.  These  phenomena  will  be  considered  in  another  paper. 
At  present  our  purpose  is  to  work  out  the  main  features  of  the 
action  system  as  shown  in  both  species  under  the  influence  of 
external  stimuU.  We  examine  first  the  reactions  to  chemicals 
for  the  reason  that  with  them  it  is  easy  to  control  and  stimulate 
ali  the  movements  normally  exhibited  in  the  action  system,  and 
thus  to  observe  the  mechanism  of  the  response. 

REACTIONS    TO    CHEMICAL    STIMULI 

MethoJs 

A  graded  series  of  experiments  was  made  with  the  foUowing 
chemicals: 

1  Minerai  acids:  HCl,  aSO„  HNO3 

2  Organic  acids:  HCjHjOa  (acetic),  HjCjO^  (oxalic), 
HsCeH.O,  (citric). 

3  Hydrates:  KOH,  NaOH. 

4  Carbonates:  KjCOs,  NajCOs. 

5  Halides:  KCl,  KBr,  NaCl,  NaBr. 

6  Sulphates:  FeS04,  CUSO4,  ZnSO^. 

The  acids  and  alkalies  were  titrated  to  standard  normal  Solu- 
tions (n).  The  salts  were  prepared  in  gram-molecular  solutions 
(m).  The  first  series  of  experiments  were  made  by  allowing  the 
chemical  stimulus  to  flow  toward  the  animai  through  a  fine  capil- 
lary  pipette,  the  conducting  tube  of  which  had  an  inside  diameter 
ofo.3  mm.  the  bulb  holding  about  i  ce.  of  the  fluid,  with  an  air  tube 
a  trifle  larger  than  the  conducting  tube.  The  orifice  of  the  con- 
ducting tube  was  placed  about  J  mm.  from  the  part  to  be  stimu- 
lated.  Localized  applications  of  the  chemical  were  thus  made  at 
the  head  segment,  at  the  caudal  segment,  and  finally  upon  the 
middle  segment  of  the  body.  ^ 
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A  control  with  distilled  water  preceded  each  experiment.  I 
found  that  the  distilled  water  had  to  be  particularly  pure  or  of 
itself  it  would  afford  a  definite  stimulus.  The  water  finally  used 
was  so  prepared  that  the  ^Eolosoma  were  practically  indifFerent 
to  its  presence  in  the  control  experiment.  There  is  always  a 
slight  rheotactic  stimulus  to  which  .^losoma  will  respond  if  the 
flow  from  the  capillary  tube  is  rapid  enough.  I  found,  howcver, 
that  with  the  tube  above  mentioned  there  would  be  no  character- 
istic  response  under  the  conditions  stated.  The  chemicals  were 
diluted  in  distilled  water  previously  tested  in  the  control. 

In  order  to  obviate,  as  far  as  possible,  difFerences  in  reaction 
occasioned  by  such  changes  in  the  environmental  conditions  as 
variations  in  temperature  and  light  would  produce,  the  major 
experiments  of  this  paper  were  performed  during  the  early  hours 
of  the  day,  the  culture  jars  being  well  protected  from  the  light 
during  the  hours  preceding,  and  the  room  shaded  during  the 
course  of  experiments.  The  temperature  of  the  cultures  and 
of  the  materials  used  was  maintained  very  dose  to  I5°C.  Even 
with  these  precautions  there  is  considerarle  variation  in  the  be- 
havior  of  different  individuals  preventing  a  precise  quantitative 
test  of  stimuli.  The  qualitative  reactions  of  many  individuals, 
however,  show  a  dose  correlation  with  various  strength  of  stimuli, 
so  that  we  are  able  to  analyze  them  with  reasonable  certainty. 

In  the  course  of  these  investigations  several  hundred  experi- 
ments were  made  with  each  reagent.  Only  those,  however, 
that  have  a  direct  hearing  on  our  problem  will  be  reported  this 
rime.  I  have  therefore  arbitrarily  assorted  the  stimuli  used  into 
three  main  groups  as  shown  in  Table  I. 

TABLE   I 

Threshold  Xornial  Strong 

Minerai  acids e.  N/3000  e.  n/iooo  c.  ^/yx> 

Organic  acids e.  n/zooo  c.  "s/doQ  e.  n/zoo 

Hydrates e.  N/1500  e.  n/8oo  c.  n/zoo 

Carbonates e.  n/izoo  c.  N/500  e.  N/200 

Chlorìdes e.  m/8o  c.  M/40  e.  m/io 

Bromides e.  M/50  e.  M/30  e.  m/io 

FCSO4 e.  m/ioooo  c.  m/8oo  c.  M/400 

CuSO^ e.  m/8oooo  c.  m/ioooo  c.  m/iooo 

ZnS04 e.  m/8oooo  c.  m/zoooo  c.  m/iooo 
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Under  threshold  stimuli  are  grouped  those  solutìons  which  lie 
at  the  threshold  of  physiological  discrimination.  They  repre- 
sent  the  weakest  solutìons  which,  under  the  conditions  above 
stated,  will  interrupt  the  physiological  poise  of  the  animai  at  the 
moment  of  impact,  enough  to  produce  a  visible  reaction.  They 
produce  this  effect  only  when  introduced  to  the  sensory  hairs 
of  the  prostomium. 

Under  normal  stimuli  are  grouped  those  soludons  which  will 
stimulate  a  characteristic  reaction  when  introduced  to  any  part 
of  the  body.  They  are  not  strong  enough,  however,  to  inflict  any 
permanent  injury  to  the  tissues  of  the  body.  The  movements 
occasioned  by  those  reactions  are  seemingly  normal.  They  bave 
that  easy  flexibility  which  the  animai  daily  exhibits  under  condi- 
tions favorable  to  its  existence. 

Under  strong  stimuli  are  grouped  those  solutions  which  force 
a  powerful  reflex  movement  on  the  part  of  the  organism.  The 
reactions  are  energetic  and  exhausting.  They  quickly  develop 
fatigue,  and  upon  repetition  may  prove  fatai. 

The  concentration  of  the  above  solutions  in  each  respective 
group  is  not  exclusive.  They  vary  rapidly  toward  or  from  each 
other  under  changing  conditions.  In  our  experiments,  however. 
they  were  typical  stimuli  of  the  reactions  now  to  be  described. 

The   ''Threshold''   Stimuli 

The  threshold  reactions  were  tested  from  a  point  directly  in 
front  of  the  prostomium  and  then  lateral  to  the  same. 

Minerai  Acids.  When  stimulated  from  in  front  there  is  a 
slight  wrinkling  movement  of  the  prostomium  during  which  the 
head  is  advanced  toward  the  pipette,  then  withdrawn  and  moved 
about  with  the  characteristic  exploring  movements.  In  the  case 
of  H2SO4  these  movements  were  repeated  more  vigorously  than 
with  the  others,  with  the  result  that  the  head  was  soon  brought 
into  dose  contact  with  the  pipette.  There  then  foUowed  a  quick 
reflex  away  from  the  source  of  stimulus.  With  a  lateral  applica- 
tion the  head  is  rotated  toward  the  source  of  stimulation  through 
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the  pipette,  after  which  the  exploring  reactions  were  exhibited  as 
before.     The  animai  then  moves  away  at  varying  angles. 

Organic  Acids.  The  reactions  were  similar  to  the  above. 
Acetic  acid  always  seemed  further  to  stimulate  an  erection  of  the 
more  anterior  setae.  The  reactions  to  citric  acid  were  similar  to 
those  with  sulphuric  acid.  The  puckering  of  the  prostomium  was 
more  marked  with  oxalic  acid. 

Hydrates.  It  is  very  difficult  to  get  a  characteristic  reaction 
with  the  hydrates.  The  animals  invariably  turn  away  from  the 
source  of  sdmulation  without  giving  marked  evidence  of  the 
exploring  reaction.  If  the  sdmulus  is  repeated  several  times 
they  curi  up  and  give  no  further  movement.  When  left  alone 
they  slowly  resumé  normal  activities. 

Carbonates.  The  animai  gives  a  positive  reaction  in  every 
case.  The  exploring  movements  were  well  marked,  and  were 
associated  with  contractions  of  the  pharynx  as  though  feeding. 

Halides.  The  head  is  swayed  slowly  from  side  to  side  with  a 
rythmical  motion.  The  peristaltic  movements  are  markedly 
accentuated  by  both  the  Na  and  the  K  solutions.  The  explor- 
ing reaction  was  not  in  evidence.  The  animals  make  no  efFort 
to  move  toward  or  away  from  the  pipette. 

Sulphates.  There  is  a  positive  reaction  to  FeS04  in  every 
case,  associated  with  the  normal  exploring  movements  of  the 
anterior  segments.  CuSO^  develops  in  iEolosoma  reactions  practi- 
cally  identical  with  those  of  the  minerai  acids.  With  ZnSO^ 
exploring  reactions  are  very  slow,  but  the  puckering  of  the  pros- 
tomium is  more  strongly  marked. 

In  ali  of  these  experiments,  with  the  exception  of  the  halides 
and  hydrates,  it  must  be  noted,  that  in  the  stimulations  lateral 
to  the  prostomium  the  animai  first  turns  its  head  toward  the  side 
which  is  stimulated.  The  normal  exploring  reactions  were  then 
exhibited  with  the  result  that  the  animai  finally  moved  toward  or 
away  from  the  field  of  stimulation. 

Toxicity  of  Stimuli 

Were  these  movements  correlated  with  the  relative  toxicity  of 
the  elements  used  ?     To  test  this  a  number  of  iEolosoma  were 
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placed  in  the  several  threshold  Solutions.  It  is  obvious  that 
immersion  in  these  solutions  presents  to  the  animai  membranes  a 
more  concentrateci  Form  of  the  chemical  than  they  experienced 
under  a  localized  impingement  introduced  through  the  pipette. 
After  noting  carefully  the  flow  of  the  current  from  the  pipette  to 
animai,  which  can  readily  he  seen  under  the  microscope,  however, 
I  am  inclined  to  believe  that  differences  in  concentration  due  to 
diffusion  are  not  significant.  The  ratio  between  the  various 
stimuli  will  hold  in  either  case. 

When  placed  in  N/3000  minerai  acid  solution  the  animals  soon 
develop  increased  peristalsis  and  exhibited  various  twisting  and 
stretching  movements.  They  seemed  to  be  normal  on  the 
foUowing  day.  In  N/2000  these  movements  were  accentuated. 
The  animals  died  within  a  day  or  two.  A  similar  experience  fol- 
lowed  the  use  of  N/2000  and  n/iooo  of  the  organic  acids.  N/1500 
of  the  hydrates  was  fatai  in  four  or  five  days.  The  ^Eolosoma, 
however,  seem  to  be  able  to  live  indefinitely  in  N/1200  carbonate 
solution.  The  threshold  solutions  of  the  halides  were  fatai  in  a 
day  or  two. 

n/ 10,000  FeSO^  was  not  fatai  in  four  or  five  days.  N/5000was 
fatai  in  a  few  hours.  The  threshold  stimulations  of  zinc  and 
copper  sulphates  are  not  injurious  to  the  animai.  N/40000  of  the 
zinc  solutions,  however,  is  fatai  within  24  hours,  that  of  the  copper 
not  within  two  days. 

The  evidence  furnished  by  these  facts  is  not  very  consistent. 
From  the  point  of  view  of  a  positive  or  a  negative  reaction  to  a 
localized  stimulus,  however,  we  conclude  that  the  reactions  of 
iEolosoma  to  the  threshold  solutions  of  these  chemicals  may  be 
correlated  with  their  relative  toxicity. 

Nervous  System  and  the  Stimuli 

Does  the  presence  of  a  nervous  system  play  a  significant  part 
in  threshold  reactions  ?  To  this  test  two  series  of  experiments 
were  used.  In  the  first  case  the  head  segment  was  severed  from 
the  rest  of  the  body  with  a  pair  of  sharpneedles.  The  cutsurface 
healed  over  in  a  very  short  time.     After  several  hours  the  above 
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threshold  experiments  were  introduced  with  negative  results. 
On  the  foUowing  day,  when  the  new  prostomium  seemed  toler- 
ably  well  developed  there  was  stili  no  response.  About  two  days 
later,  when  the  sensoiy  hairs  could  be  distinguished,  the  great 
majority  of  the  animals  reacted  as  normal. 

The  next  experiment  was  made  by  tapping  gently  with  a  fine 
bristle  that  part  of  the  epidermis  in  which  the  cerebral  ganglia  lie 
buried.  The  animai  wriggles  energetically  at  first,  but  upon 
repetition  the  nervous  system  sufFers  paralysis  or  fatigue,  and  the 
animai  soon  curls  up  and  refuses  further  movement.  After  the 
-^Eolosoma  had  begun  to  relax,  the  threshold  experiments  were 
tried  and  received  no  response.  In  many  cases  it  was  nearly  an 
hour  before  the  exploring  reactions  could  thus  be  stimul^ted.  In 
ali  of  these  cases,  very  soon  after  the  introduction  of  the  mechani- 
cal  inhibitions,  the  stronger  solutions,  bere  called  "normal  stimuh" 
would  develop  their  characteristic  reactions. 

These  data  suggest  that  any  interference  with  the  integrity  of 
the  nervous  system  of  i^losoma,  will  raise  the  threshold  of  chemì- 
cal  stimulation. 

EfFect  of  Changes  in  the  Ambient  Medium  on  the  Reactions  . 

Changes  in  temperature  were  made  by  placing  the  culture  dish 
in  a  water  bath  which  is  warmed  or  cooled  to  the  required  temper- 
ature and  so  maintained  for  several  hours.  The  experimental 
media  were  also  correspondingly  treated.  For  very  bright  day- 
light  the  animals  were  subjected  to  the  light  coming  from  above 
and  also  reflected  upward  from  beneath.  For  much  of  the  time 
direct  daylight  was  used. 

1  If  the  temperature  of  the  water  is  lowered  to  about  10^  C. 
no  characteristic  response  can  be  developed  by  means  of  these 
threshold  solutions. 

2  If  the  temperature  of  the  water  is  raised  to  20°  C.  the  reac- 
tions to  the  above  threshold  solutions  is  very  similar  to  those 
record  ed  later  under  the  so-called  ''normal  stimuli."  The  thresh- 
hold  of  chemical  discrimination  is  raised  to  solutions  more  than 
twice  as  dilute  as  the  above. 
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3  If  the  animals  are  subjected  to  bright  light  for  several  hours 
and  then  treated  with  these  weak  solutions  the  results  are  similar 
to  those  produced  when  they  are  subjected  to  a  raise  in  tempera- 
ture, although  the  threshold  varies  within  much  narrower  Hmits. 

The  ''N ormar   Stimuli 

Reactions  Under  Uniform  Conditions 

Minerai  Acids.  When  solutions  of  this  strength  are  applied  to 
the  tip  of  the  prostomium  there  is  first  evident  a  wrinkling  of  the 
prostomium  and  an  erection  of  the  setae  of  the  anterior  segments. 
The  head  is  then  drawn  backwards  and  quickly  turned  toward 
one  side.  Sometimes  the  negative  reaction  may  be  so  marked 
as  to  reverse  the  general  direction  of  its  movement  prior  to  stimu- 
lation.  As  a  rule  the  animals  move  at  varying  angles  away  from 
the  field  of  stimulation.  When  applied  laterally  to  the  prostomium 
the  head  segment  is  frequently  turned  toward  the  pipette  before 
the  negative  reaction  is  expressed.     Stimulation  at  the  posterior 


papillae  causes  the  posterior  segments  to  contract,  thus  pulling 
the  papillae  forward.  Sometimes  the  caudal  segment  is  swungaway 
from  the  stimulus.  When  the  chemical  is  first  applied  at  the 
caudal  segment  there  is  no  change  in  the  attitude  or  movement 
of  the  anterior  segments.  Repeated  stimulation  may  cause  rapid 
crawling  forward. 

When  the  chemical  is  applied  to  the  middle  segments  of  the 
body  the  ventral  muscles  always  contract  more  than  the  dorsal. 
The  resultant  movements  are  determined  by  the  attitude  of  the 
animai  at  the  moment  of  stimulation  (Fig.  2).     If  this  attitude  is 
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like  that  shown  in  Fig.  2A,  the  first  contraction  throws  the  head 
nearer  to  the  stimulus.  This  is  foUowed  by  a  reverse  movement 
in  which  the  animai  moves  away.  If  as  in  Fig.  2B,  the  first  con- 
traction turns  the  animai  away  from  the  stimulus  and  movement 
is  continued  in  that  direction.  This  principle  holds  true  regard- 
less  of  the  direction  from  which  the  pipette  may  throw  the  imping- 
ing  chemical  upon  the  body  wall, — ^whether  it  be  directed  toward 
either  side,  dorsally  or  ventrally.  The  "secondary  reflexes*' — 
those  movements  which  immediately  follow  this  first  reflex — are 
such  as  to  move  the  animai  away  from  the  field  of  stimulation. 

Organic  Acids  and  Hydrates.  Reactions  to  these  Solutions 
were  similar  to  those  developed  by  the  minerai  acids.  With  the 
hydrates,  however,  it  was  noticed  that  many  individuai  would 
stop  in  their  onward  rush  from  the  stimulus,  would  curi  up  in 
crescent  shape,  and  seemingly  rub  the  prostomium  to  and  fro 
with  a  lateral  swing  on  the  substratum.  When  placed  in  a  cul- 
ture jar  after  the  experiment  they  invariably  burrowed  into  the 
ooze  at  the  bottom  of  the  jar. 

Carbonates,  There  are  quick  negative  reactions  to  the  car- 
bonates  at  both  head  and  caudal  segments,  though  the  animai 
makes  but  little  efFort  to  get  away  from  the  stimulus.  When 
stimulated  at  the  side  so  that  the  ventral  contraction  throws  the 
head  nearer  to  the  pipette,  in  few  cases  was  there  any  evidence 
of  a  reverse  movement.  Vigorous  puckerings  of  the  prostomium 
were  noticeable;  a  few  writhing  movements  were  made;  and  then 
the  animai  would  usually  He  dormant  until  the  effect  of  the  stimu- 
lus passed  away. 

Halides,  The  initial  reaction  to  the  halides  was  like  that  to  the 
acids.  These  were  invariably  followed  by  so  marked  an  increase 
in  the  peristaltic  waves,  however,  that  progressive  movements 
were  inhibited  for  some  time.  The  K  solutions  stimulated 
increased  peristalsis  much  more  vigorously  and  quickly  than  the 
Na  solutions. 

Sulphates.  When  FeSO^  is  introduced  directly  in  front  of  the 
animai,  the  head  is  slowly  waved  to  and  fro,  laterally,  several 
times,  after  which  the  iEolosoma  curlsup  witha  twistingmotion,and 
makes  no  efFort  to  move  awav.     When  introduced  laterally  the 
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head  is  first  turned  toward  the  pipette  before  expressing  these 
movements.  There  is  a  large  increase  in  the  amount  of  mucus 
secreted.  When  stimulated  at  the  posterior  papillae,  the  caudal 
segments  are  slowly  contracted  and  swing  toward  either  side. 
Some  seconds  after  stimulation  the  head  segment  shows  a  marked 
increase  in  the  exploring  reaction.  When  applied  to  the  lateral 
segments  the  animai  first  curls  as  usuai,  then  twists  about  with 
increasing  energy  but  with  no  locomotor  results.  The  reactions 
to  CuSO^  were  similar  to  those  with  the  minerai  acids.  In  the 
case  of  ZnSO^  the  great  majority  moved  away  from  the  sdmulus 
with  a  spirai  twisting  reaction,  alternating  this  reaction  every  few 
seconds  by  curling  up  and  vigorously  rubbing  the  prostomium  on 
the  substratum.  When  put  back  into  a  culture  dish  they  immed- 
iately  burrowed  into  the  ooze  at  the  bottom  of  the  jar. 

In  ali  of  the  above  reactions,  which  were  foUowed  by  locomo- 
tion  there  was  noticeable  a  marked  increase  in  the  vigor  of  the 
characteristic  ** exploring  movements."  The  end  result  was  that 
the  animai  foUowed  a  decidedly  zig-zag  course. 

Reactions  Under  Changing  Conditions 

a.  The  head  is  severed  from  the  body  by  a  cut  through  the 
region  of  the  oesophagus.  Within  a  few  hours  the  anterior  seg- 
ment of  the  body  will  respond  to  the  above  stimuli  of  normal 
strength  in  a  way  characteristic  of  the  normal  exploring  reaction. 
Lateral  applications  may  cause  the  dorso-ventral  contractions  but 
they  are  not  foUowed  by  the  reverse  movements  that  are  noted 
under  normal  conditions. 

h.  The  animai  is  physiologically  depressed  by  tapping  the  cere- 
bral  ganglia  as  described  under  threshold  stimuli.  The  reactions 
to  the  various  chemicals  under  these  conditions  do  not  exhibit 
the  usually  distinctly  negative  quality  but  resemble  more  closely 
those  given  above  under  FeSO^. 

e.  The  temperature  is  gradually  lowered  to  about  io°  C.  It 
is  difficult  to  get  any  characteristic  reactions  except  at  the  prosto- 
mium, and  these  correspond  closely  to  the  threshold  reactions  at 
15°  C.     The  lack  of  any  marked  reaction  when  the  body  seg- 
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ments  are  impjnged  upon  by  the  chemical  is  evidently  due  to  the 
formation  of  a  protecting  membrane  or  the  thickening  or  harden- 
ing  of  the  mucus  film  which  surrounds  the  body,  under  the  stimu- 
lus  of  the  cold. 

d.  The  temperature  is  raised  to  about  20°  C.  The  reactions 
to  these  solutions  are  quick,  almost  violent.  When  the  chemical 
is  applied  directly  in  front  of  the  prostomium  the  reaction  invari- 
ably  brings  about  a  complete  reversai  of  the  line  of  movement. 
When  applied  laterally  to  the  prostomium  the  reaction  is  directly 
away  from  the  pipette  without  preliminary  testing  movement. 
When  applied  to  the  middle  segments  of  the  body  the  contraction 
is  so  vigorous  that  in  many  cases  oil  globules  and  gland  cells  are 
squeezed  out  in  the  process.  In  the  case  of  the  alkalies  there  was 
noticed  the  beautifuUy  rich  magenta  coloring  observed  by  Bed- 
dard  ('89).  Application  at  the  posterior  papillae  readily  stimu- 
lated  the  forward  crawling  movement  even  to  "looping." 

e.  The  animals  were  subjected  to  very  bright  daylight  for 
several  hours. 

With  the  water  at  a  temperature  of  10°  C.  many  of  the  reactions 
were  in  accord  with  the  originai  experiments  at  15^  C.  With  the 
temperature  maintained  at  15^  C.  the  reactions  were  much  more 
vigorous  and  largely  resembled  those  expressed  in  response  to  the 
stronger  solutions.  Many  of  the  contractions  were  vigorous 
enough  to  squeeze  out  oil  globules  and  mucus  cells.  With  the 
temperature  raised  to  20°  C.  the  reactions  were  vigorous  and 
exhaustive,  and  in  many  cases  proved  fatai. 

The  "Strong''  Stimuli 
Reactions  Under  Uniform  Conditions 

Minerai  Acids.  When  stimulated  at  the  tip  of  the  prostomium 
there  is  a  quick  negative  reaction  which  may  reverse  the  direction 
of  movement.  Sometimes  the  head  is  thrown  only  part  way 
toward  the  rear  and  the  animai  moves  away  at  an  angle.  The 
progress  of  the  stimulus  can  be  noted.  The  prostomium  is  first 
bowed  away  from  the  stimulus;  ali  the  setae  are  erected  rigidly 
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at  right  angles  to  the  body,  then  a  sudden  turn  is  made  away  from 
the  stimulus.  WitH  a  lateral  application  to  the  prostomium  the 
head  is  not  turned  toward  the  pipette  before  the  negative  reaction 
takes  place.  Application  at  the  posterior  papillae  stimulates  a 
quick  contraction  of  the  posterior  segments  and  a  rapid  crawling 
movement  forward.  Lateral  body  stimulation  foUows  the  same 
rules  as  under  normal  stimuli,  only  the  reactions  are  far  more 
energetic.  Not  infrequently  the  first  contraction  will  throw  out 
many  oil  globules,  etc.  Movement  away  in  this  case  is  through 
a  spirai  twisting  reaction. 

Organic  acids  were  similar  in  effect  to  the  minerai  acids. 

Alkalies.  AH  reactions  were  in  the  shape  of  energetic  contrac- 
tions  of  the  body,  away  from  the  stimulus  when  applied  to  the 
ends  of  the  body,  with  the  bulge  towards  the  stimulus  in  response  to 
the  lateral  exposure.  The  animals  were  powerless  to  make  any 
further  effort  to  leave  the  field  of  stimulation  although  they 
recover  rapidly  from  the  shock.  The  muscles  of  the  body  wall 
facing  the  pipette  seem  to  be  paralyzed  by  the  chemical  as  that 
side  seems  passive  in  the  movements  that  soon  foUow.  These 
movements  are  an  alternate  contraction  and  extension  of  the 
muscles  of  the  body  wall  opposite  to  the  place  of  stimulation. 

Halides,  There  is  a  prompt  negative  reaction  when  these  are 
applied  to  the  head  and  the  animai  is  usually  able  to  get  away 
from  the  stimulus.  This  is  not  the  case  when  the  caudal  end  or 
side  is  stimulated.  When  stimulated  at  the  side  the  first  contrac- 
tion is  followed  by  increasingly  large  peristaltic  waves  running 
from  pharynx  to  papillae,  which  efFectively  inhibit  any  locomotor 
movements.  With  the  bromides  at  the  papillae,  the  papillae  are 
quickly  stuck  to  .the  substratum  while  the  anterior  parts  twist  and 
writhe  in  ali  directions.  With  the  chlorides  a  forward  contrac- 
tion may  advance  the  animai  a  little,  but  it  soon  looses  power  of 
orientation  and  lies  at  the  mercy  of  ali  sorts  of  muscular  contrac- 
tion and  extension. 

Sulphates.  The  reactions  to  FeSO^  were  similar  to  those  with 
the  halides.  CuSO^  and  ZnS04  had  the  same  effect  as  the  acid 
Solutions. 

AH  of  the  chemical  solutions  under  this  category  had  the  further 
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effect  of  producing  precocious  excision  of  budding  zooìds.  Many 
of  these  zooids  were  so  immature  that  the  budding  zone  was  almost 
imperceptible,  yet  they  were  readily  snipped  off  by  the  energy  of 
the  contraction,  or  through  theagency  of  the  accentuated  perìstalsis. 
They  usually  survived  the  shock,  and  were  able  to  swim  about  on 
the  foUowing  day.  In  many  cases  where  a  repetition  of  the 
stimulus  proved  fatai  to  the  parent  stem,  these  prematurely  excised 
zooids  recovered. 

Reactions  Under  Changing  Conditions 

With  head  segment  removed  ali  of  the  characterisdc  reflexes 
were  given.  I  was  able  to  stimulate  the  crawling  movement  by 
application  of  the  chemicals  at  the  papillae.  This  was  also  true 
after  the  animai  was  depressed  by  tapping  over  the  cerebral 
ganglia. 

When  the  temperature  of  the  water  was  lowered  to  10°  C.the 
reactions  took  more  the  form  of  those  given  under  normal  stimuli. 
The  animals  endured  repetition  of  the  stimulus  without  fatai 
results.  With  the  temperature  raised  to  20°  C.  it  was  difficult  to 
apply  the  stimulus  to  ali  without  the  reaction  being  so  vigorous 
as  to  prove  fatai.  This  could  only  be  done  when  the  animai  was 
stimulated  at  the  prostomium.  In  these  cases  the  negative  reac- 
tion is  so  vigorous,  especially  with  the  acid,  the  copper  and  zinc 
sulphate  solutions,  that  the  animai  is  thrown  directly  away  from 
the  source  of  stimulation,  and  far  enough  so  as  to  be  able  to  escape. 

If  the  animals  were  subjected  to  very  bright  daylight  before 
these  experiments  were  made  the  solutions  invariably  proved  fatai 
soon  after  the  first  application  of  the  chemical.  The  influence  of 
the  light  upon  the  tissues  of  the  body  is  such  that  it  increases  the 
toxicity  of  these  solutions  if  they  are  applied  after  the  animai  has 
been  exposed  to  the  light  for  a  few  hours. 

SUMMARY  OF  RESULTS  OF  THE   EXPERIMENTS 

These  experiments  show  that  every  movement  expressed  by 
the  action  system  of  iEolosoma  in  its  native  environment  may  be 
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reproduced  under  conditions  of  control  through  the  agency  of 
varìous  chemical  stimulations. 

Results  with  '*Threshold  Stimuli''  (chemicals  very  weak,  see 

p.  820). 

a  Chemical  stimulations  of  threshold  intensity  develop  the 
normal  exploring  reaction  in  iEolosoma. 

b.  li  the  stimulus  impinges  laterally  to  the  prostomium,  there 
is  a  tuming  of  the  head  segment  toward  the  field  of  sdmulation 
before  the  exploring  movements  are  expressed. 

e  After  a  brief  exploring  reaction  the  animai  moves  toward 
or  away  from  the  field  of  stimulation — ^gives  a  "  positive"  or  a 
"negative"  reaction  to  the  stimulus. 

d  The  movements  expressed  in  these  reactions  vary  within 
rather  wide  limits,  and  cannot  he  coòrdinated  with  **lines  of 
difFusion." 

e  The  aggregate  of  movements  exhibited  varies  with  changes 
in  the  chemicals  used.  The  nature  of  the  stimulus  is  an  impor- 
tant  factor  in  determining  the  nature  of  reaction. 

/  Any  interference  with  the  integrity  of  the  nervous  system 
raises  the  threshold  of  chemical  discrimina tion. 

g  The  reactions  to  threshold  stimuli  may  be  loosely  corre- 
lated  with  the  relative  toxicity  of  the  chemical  involved. 

h  The  threshold  of  chemical  discrimination  varies  rapidly 
with  changes  in  the  physical  nature  of  the  environment. 

Results  with  *' Normal  StimuH"   (chemicals  moderately  strong, 

see  p.  824) 

a  iEolosoma  may  exhibit  ali  of  the  movements  comprised  in 
the  action  system  in  response  to  chemical  stimulation  of  this  order. 

b  There  are  no  characteristic  positive  reactions  to  chemicals 
of  this  order. 

e  Many  of  the  negative  reactions  are  directly  away  from  the 
field  of  stimulation.  The  great  majority  of  the  negative  reactions, 
however,  are  composed  of  decidedly  random  movements,  which 
continue  until  the  animai  is  freed  of  the  stimulus. 
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d  There  is  a  certain  degree  of  individuality  among  the  seg- 
ments.  The  posterior  segments  may  he  made  to  give  a  definite 
reaction  without  any  response  being  given  by  the  anterior  seg- 
ments. 

e  Different  parts  of  the  body  are  afFected  in  difFerent  ways 
by  the  same  stimulus.  A  given  stimulus  which  may  cause  a  well 
coòrdinated  negative  reaction  if  applied  at  the  anterior  segment, 
may  inhibit  coòrdinated  movement  if  applied  at  the  middle  seg- 
ments of  the  body. 

/  Any  interference  with  the  integrity  of  the  nervous  system 
seriously  interferes  with  the  power  of  coòrdinated  movement. 

g  Physical  changes  in  the  environment,  due  to  variations  in 
the  relative  amount  of  light  and  beat  pervading  it,  produce  an 
effect  upon  the  animai  economy  equivalent  to  the  effect  produced 
by  difFerent  concentrations  in  the  chemicals  used  in  these  experi- 
ments. 

Results  with  Strong  Stimuli  (chemicals  very  strong,  see  p.  827) 

a  Reactions  to  chemicals  of  this  order,  when  applied  to  the 
anterior  end  consist  of  a  vigorous  reflex  movement  which  throws 
that  end  away  from  the  field  of  stimulation.  The  animai  may 
then  exercise  its  powers  of  locomotion  and  escape. 

b,  When  these  chemicals  are  applied  to  any  other  part  of  the 
body  the  reflexes  are  of  such  a  nature  as  to  inhibit  coòrdinated 
movement  away  from  the  stimulus. 

e  Interference  with  the  integrity  of  the  nervous  system  does 
not  seriously  modify  the  type  of  reaction  developed  by  these  Solu- 
tions. 

d  The  energy  imparted  to  the  animai  by  these  chemicals  may 
be  directly  accentuated  by  an  increase  in  the  relative  amount  of 
light  or  beat  pervading  the  ambient  medium. 

e  The  relative  toxicity  of  these  solutions  depends  largely  upon 
the  age  of  the  part  impinged,  and  also  upon  the  physiological 
condition  of  the  organism  as  a  whole. 
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CONCLUSIONS 

By  means  of  the  localized  application  of  different  chemicals  with 
varying  concentration  we  have  stimulated  in  iEolosoma  charac- 
teristic  movements  designated  as  the  action  system.  This  shows 
conclusively  that  chemotoxis  plays  a  very  significant  part  in  the 
methods  and  processes  of  animai  behavior.  It  shows,  further, 
that  under  conditions  of  control  one  may  approximate  the  physio- 
logical  States  which  underlie  the  movements  an  organism  may 
exhibit  in  a  state  of  nature.  The  various  movements  which  we 
have  stimulated  artificially,  are  of  the  nature  of  reflexes,  more  or 
less  complex.  Many  of  these  are  so  haphazard  in  their  expression 
that  they  seem  to  be  merely  the  spontaneous  play  of  various 
amounts  of  energy,  released  within  the  mechanism  of  the  animai. 
On  the  other  band,  some  of  these  movements  possess  a  certain 
element  of  precision  or  adapatation  which  is  manifestly  beneficiai 
to  the  organism.  They  remove  the  organism  from  an  injurious 
environment  in  the  quickest  possible  way.  One  of  the  first 
problems  in  Animai  Behavior  is:  How  did  these  more  adaptive 
reflexes  arise  in  a  state  of  nature  ?  Our  eflFort,  therefore,  will  be 
to  correlate  the  reflexes  observed  bere  under  wider  categories  that 
will  help  to  interpret  the  action  system  of  ^Eolosoma  in  a  phylo- 
genetic  way.  Before  we  suggest  a  solution  of  our  problem,  how- 
ever,  it  is  necessary  to  estimate  carefully  the  modus  operandi  of 
the  various  reactions  involved. 

In  the  case  of  the  threshold  reactions,  when  the  stimulus  im- 
pinged  laterally  upon  the  prostomium  there  foUowed  a  tuming 
of  the  head  segment  toward  the  source  of  stimulation.  Was  this 
turning  due  to  the  asymmetrical  impingement  of  the  lines  of 
diflFusion,  or  to  the  electrolytic  eflFect  of  moving  ions  upon  the 
celi  membranes  of  that  side  of  the  head  ?  In  some  way  both 
of  these  factors  may  have  been  involved.  On  the  other  band  it 
must  be  noted  that  although  the  animai  turned  toward  the  side 
which  was  stimulated,  the  angle  in  which  the  solution  is  projected 
toward  the  animai  through  the  pipette  may  vary  within  enormous 
limits  without  developing  any  variation  in  the  side  thrust  of  the 
reaction  which  immediately  foUows.     The  prostomium  is  turned 
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toward  that  side  which  is  first  impinged  upon  by  the  chemical, 
regardless  of  the  direction  from  which  that  chemical  may  come. 
Again,  after  the  initial  exploring  reaction  has  been  expressed,  with 
the  exception  of  the  positive  reactions,  ali  of  the  succeeding  move- 
ments  have  no  direct  reference  to  the  stimulus,  its  direction,  or 
its  source. 

The  fact  that  only  experi ments  with  electrolytes  are  recorded 
here  suggests  an  interesting  problem  from  that  point  of  view. 
Several  hundred  tests  were  made  with  the  non-electrolytes — urea, 
cane  sugar  and  glycerine, — ^but  with  negative  results.  An  efFort 
is  now  being  made  to  find  a  non-electrolyte  that  will  stimulate  a 
characteristic  reaction,  similar  to  any  of  the  above.  After  these 
experiments  are  concluded,  something  further  may  be  determined 
as  to  the  role  of  electrolytes  in  this  field.  The  fact  that  Pearl 
('03)  stimulated  a  similar  turning  of  the  anterior  part  of  the  flat- 
worm — equivalent  to  our  exploring  movement — ^by  means  of  a 
ight  touch  with  a  piece  of  wood,  suggests  that  the  secret  of  this 
reaction  lies  within  the  confines  of  the  animai  economy.  We 
therefore,  conclude,  for  the  present,  that  the  turning  toward  the 
stimulus  in  the  case  of  iEolosoma,  is  due  to  a  sense  of  chemical 
change;  to  a  difFerence  in  intensity  arising  locally  in  the  animal's 
environment.     The  movement  was  not  an  orientation. 

Associated  with  this  turning  of  the  head  the  exploring  move- 
ments  were  expressed.  The  animai  then  moved  toward  the 
source  of  the  chemical,  exhibiting  the  feeding  reaction,  or  away 
from  the  same  by  means  of  a  slow  crawling  movement.  The 
positive  reactions  were  due  to  the  fact  that  the  weak  soludons  of 
the  carbonates  or  iron  sulphate  stimulated  certain  internai  changes 
akin  to  those  induced  by  food  particles.  It  is  interesting  to  note 
that  with  a  rise  in  the  temperature  of  5°  C,  or  more,  the  animai 
uniformly  responds  negatively  to  these  stimuli.  The  ability  of 
these  Solutions  to  stimulate  the  feeding  reaction  is  thus  conditioned 
by  the  physiological  state  of  the  organism — by  its  previous  internai 
reactions  to  external  changes  in  its  environment. 

As  the  concentration  of  the  various  chemicais  is  increased,  the 
reflexes  become  more  and  more  distinctive.  When  the  chemical 
is  applied  to  the  prostomium  the  reflex  is  always  lateral — ^away 
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from  the  impinging  stimulus.  This  is  usually  a  right  angled 
turn  in  the  case  of ''normal"  stimuli.  If  the  chemicals  are  much 
stronger  than  this  grade,  two  facts  are  noticeable.  In  the  first 
place,  the  reactions  to  prostominal  stimulation  are  similar  with  ali 
the  chemicals.  This  is  never  the  case  with  the  weaker  solutions. 
In  the  second  place  the  axis  of  locomotion  is  directly  reversed  by 
the  force  of  the  stimulated  reflex.  As  the  chemical  becomes  more 
and  more  dangerous  to  the  organism,  the  initial  reflex,  developed 
upon  contact  with  the  chemical,  throws  the  animai  ever  further 
away  from  its  influence.  Is  this  reaction  due  to  an  increase  in 
control  of  the  movements  of  the  animai  by  the  lines  of  difFusion, 
or  is  it  because  the  vigor  of  the  reflex  is  proportionate  to  the 
amount  of  energy  liberated  by  the  impinging  stimulus  ì  It  seems 
most  clear  that  the  latter  suggestion,  only,  can  be  adjusted  to  ali 
the  data  here  involved. 

When  the  stronger  stimulus  is  applied  to  the  mid-sections  of 
the  body  the  reflexes  are  always  ventral — ^irrespective  of  the  exact 
locus  of  stimulation  or  the  direction  from  which  the  chemical 
may  come.  This  reflex  tends  to  bring  the  head  and  caudal  seg- 
ments  together.  Sometimes  this  serves  also  to  bring  the  prosto- 
mium  nearer  to  the  source  of  the.  stimulus.  A  counter  reflex 
is  then  given,  characteristic  of  the  regular  prostomial  stimula- 
tion-reflex,  which  throws  the  anterior  end  away  from  the  chemical, 
and  if  the  stimulus  is  not  too  strong,  the  animai  escapes. 

The  movements  given  in  response  to  the  difFerent  chemicals 
varywithin  very  wide  limits.  Each  group  of  chemical  stimulates 
reactions  peculiar  to  themselves.  Throughout  the  whole  series, 
the  ability  of  the  animai  mechanism  to  adjust  itself  to  the  impinge- 
ment  of  a  chemical  upon  the  body  wall  (excepting  the  anterior 
segment)  varies  inversely  as  the  strength  of  the  chemical.  This 
phenomenonis  practically  reversed  in  the  case  of  prostomial  stimu- 
lation s.  In  these  cases  we  bave  what  we  may  cali  a  prostomial 
reflex  which  is  inherently  negative  and  which  serves  a  funda- 
mentally  regulatory  function  as  the  animai  approaches  a  marked 
change  in  the  environmental  conditions. 

These  facts  show  conclusively  that  the  problem  of  animai 
behavior  must  look  for  its  solution  in  the  physiological  arrange- 
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ment  of  the  proto plasmic  aggregates  of  the  organism  under  investi- 
ga tion.  So  far  as  external  stimuli  are  concerned  we  may  con- 
clude: 

1.  The  sort  of  stimulus  does  not  predetermine  the  reaction 
that  will  foUow  upon  its  impingement  upon  any  part  of  the  organ- 
ism, although  it  may  contribute  a  significant  thrust  to  that  reac- 
tion. 

2.  The  direction  of  the  impinging  stimulus — lines  of  force  or 
of  difFusion — ^afFect  the  direction  of  the  resulting  reflex  only  inci- 
dentally.  The  morphology  of  the  organism  is  the  determining 
factor. 

3.  The  intensity  of  an  impinging  stimulus,  or  variations  in  its 
intensity,  are  significant  in  so  far  as  they  interrupt  the  physiologi- 
cal  poise  of  the  organism  involved.  They  may  determine  the 
vigor  of,  but  not  the  sort  of,  reaction  that  may  be  expressed. 

With  these  facts  in  mind,  we  may  attempt  an  outline  of  the 
phylogenetic  rise  of  the  action  system  of  iEolosoma  in  so  far  as  it 
had  been  analyzed  in  this  investiga  tion.  The  basis  of  behavior 
rests  upon  the  irritability  of  living  protoplasm.  *  A  thoroughgoing 
interpretation  of  this  irritability  is  yet  to  be  made;  it  is  far  beyond 
the  range  of  our  present  experimental  knowledge  of  protoplasm. 
This  much  we  do  know — irritability  presupposes  movement,  and 
the  use  of  movement  formulates  the  quest  of  *' behavior."  AH 
of  the  movements  potential  to  the  protoplasmic  aggregates,  which 
we  designate  as  an  individuai  organism,  are  variously  being 
expressed  in  the  course  of  its  life  history  (Jennings  '07).  Some  of 
these  movements,  in  periods  of  stress,  more  readily  than  others, 
restore  a  certain  physiological  equilibrium,  which  is  essential  to 
the  welfare  of  the  organism,  and  which  has  been  disturbed  by  the 
impingement  of  an  external  source  of  energy.  Repetition  of 
equivalent  conditions  of  stimulation,  tends  to  reproduce  such 
movements  with  increasing  celerity,  under  the  law  of  the  readier 
resolution  of  the  physiological  states  (Jennings  '04).  By  the 
process  of  naturai  selection  these  movements  bave  been  selected 
into  a  system  of  characteristic  reactions  which  we  designate  as 
the  ''action  system.'*  The  rise  of  an  action  system  has  further 
played  a  profoundly  morphogenetic  role  in  the  course  of  the  his- 
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tory  of  the  organism  (Bohn    '06).     The    animai  is  what  it  is 
because  of  past  behavior. 

This  brief  outline  is  essentially  a  recapitulation  of  the  "trial 
and  error"  theory  of  the  rise  of  behavior  as  advocated  by  Jen- 
nings,  or  the  selection  of  random  movements  as  suggested  by 
Holmes.  It  attempts  to  balance  the  play  of  both  internai  and 
external  forces  in  the  rise  of  an  individuai  animai  economy.  There 
are  a  number  of  investigators,  however,  who  insist  that  for  the 
sake  of  a  more  objective  interpretation  of  the  facts  of  behavior, 
more  emphasis  must  be  given  to  the  orienting  force  of  the  external 
sdmulus.  Loeb  (*88)  observing  that  the  heliotropism  of  many 
animals  was  singularly  akin  to  similar  phenomena  exhibited  by 
plantSy  suggested  that  the  orienting  function  of  lines  of  force 
(lines  of  difFusion,  1903)  expressed  by  the  equation  F  (i),  playing 
upon  asymmetrical  parts  of  an  organism  would  account  for  the 
more  precise  movements  exhibited  concomitantly  with  the  impinge- 
ment  of  the  stimulus  involved;  the  "positive'*  or  "negative'' 
reactions.  Bohn  in  a  series  of  excellent  papers,  and  many  other 
investigators,  in  this  field,  bave  shown  conclusively  that  the  direc- 
tive  force  of  any  reaction  which  foUows  any  sort  of  stimuladon 
can  be  predicted  only  by  a  knowledge  of  the  play  of  the  previous 
forces  acting  upon  the  animai  economy;  by  a  careful  estimate  of 
the  arrangement  of  characteristic  internai  aggregates  which  Jen- 
nings  denominates  as  the  physiological  states.  A  more  intimate 
knowledge  of  these  shifting  aggregates  called  physiological  states 
is  certainly  essential  to  any  far-reaching  interpretation  of  behavior. 
Our  own  data  does  not  admit  the  classifica tion  of  any  of  the  move- 
ments of  iEolosoma  as  "orientation"  in  the  tropic  sense  of  the 
term.  Loeb  ('97)  appreciating  this  difKculty,  added  another 
factor  in  behavior  which  he  called  Unterschiedsempfindlichkeit; 

represented  by  the  formula  F    .  .     This  factor,  however,  throws 

the  interpretation  back  to  the  physiological  states,    which    are 
included  in  our  analysis  as  given  above. 

More  recently  Walter  ('07)  probably  representing  the  view  of 
a  number  of  investigators,  defines  the  theory  of  "tropisms"  as 
essentially  based  upon  "an  asymmetrical  reaction  to  an  asym- 
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metrical  stimlus."  Grandng  to  this  view  ali  that  he  would 
include  we  seriously  question  whether  such  a  comprehensiVe 
statement  can  throw  much  light  on  the  problem  of  behavior. 
Any  flexible  movement  in  nature  whether  exhibited  by  what  we  cali 
aliving  objector  a  dead,  may  readily  be  adjusted  to  this  category 
without  acquiring  any  addéd  significance  thereby.  There  is  a 
wide  distinction  between  an  interpretation  of  a  reflex  movement 
as  a  reaction  away  from  an  injurious  sdmulus;  or  as  an  orienta- 
tion  by  lines  of  force  to  bring  about  symmetrical  impingement. 
Our  experience  with  iEolosoma  will  not  support  the  latter  inter- 
pretation. 
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THE  RELATION  OF  lONS  TO  CONTRACTILE  PRO- 
CESSES.  —  IV.  THE  INFLUENCE  OF  VARIOUS 
ELECTROLYTES  IN  RESTORING  MUSCULAR  CON- 
TRACTILITY  AFTER  ITS  LOSS  IN  SOLUTIONS 
OF   SUGAR   AND   OF   MAGNESIUM    CHLORIDE. 

By  RALPH  S.  LILLIE. 
[From  the  Marine  Biological  Laboraiory^  Woods  Hole.] 

IT  is  well  known  that  ali  varieties  of  muscle  suflfer  graduai  loss 
of  irritability  when  transferred  from  the  normal  medium  or  its 
equivalent  physiological  salt  solution  to  pure  isotonic  solutions  of 
sugar  or  other  indififerent  non-electrolyte.  The  action  of  these  sub- 
stances  is  not  toxic  —  dilution  of  the  normal  medium  with  its  vol- 
ume or  more  of  sugar  solution  does  not  materially  affect  the  prop- 
erties  of  the  tissue;  the  essential  condition  of  the  change  is  the 
withdrawal  of  certain  electrolytes  ;  when  these  are  restored,  irrita- 
bility returns.  Anaesthetics  produce  a  similar  temporary  and  re- 
versible  suspension  of  function,  and  the  basis  of  the  effect  is  in  ali 
probability  the  sanie  in  both  cases.  Muscular  contractility  in  the 
intact  organism  thus  depends  on  the  presence  of  electrolytes  in  the 
external  medium  ;  and  the  researches  of  J.  Loeb  and  Overton,  with 
others,  bave  shown  that  sodium  salts,  usually  in  association  with 
small  quantities  of  potassium  and  calcium,  bave  a  quite  specific  and 
peculiar  relation  to  this  property. 

Other  contractile  tissues  diflfer  from  muscle  in  their  relation  to 
the  electrolytes  of  the  medium.  Many  ciba  continue  their  activity 
in  media  practically  f ree  from  salt  (  f resh-water  Protozoa,  Vermes, 
Mollusca)  ;  the  contractile  fibrils  or  myonemata  in  the  ectosarc  of 
many  cibate  Protozoa  (e.  g.,  Stentor)  and  the  stalk  of  Vorticella 
seem  also  independent  of  salts  in  the  external  medium.  In  marine 
animais  the  ciba  show  a  more  evident  dependence  on  the  salts  and 
are  gradually  checked  in  isotonic  sugar  solutions  (e.  g.,  Arenicola). 
The  above  relation  of  sodium  salts  to  contractility  thus  appears 
characteristic  of  muscle  but  not  of  contractile  tissues  in  general. 
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Overton  ^  has  made  an  extensive  study  of  the  action  of  difFerent 
salts  in  restoring  contractility  to  frog's  muscle  after  prolonged  im- 
mersion in  isotonic  sugar  solutions.  He  finds  sodium  salts  to  be 
the  most  eflfective;  of  the  other  alkali  metals  lithium  and  to  a  less 
degree  caesium  (and  ammonium)  partly  exhibit  this  power,  but  not 
rubidium  or  potassium  ;  the  alkali  earth  chlorides  also  show  it,  but 
to  a  stili  more  limited  degree.  The  specific  relation  of  sodium  ions 
to  irritability  is  thus  a  striking  peculiarity  of  this  form  of  contractile 
tissue.    What  is  the  ground  of  this  specificity? 

Hoeber  ^  has  answered  this  question  in  essentially  the  f  ollowing 
manner  :  in  solutions  containing  sodium  salts  the  plasma  membrane 
preserves  its  normal  permeability,  but  not  in  solutions  in  which 
sodium  is  replaced  by  other  metals.  Both  Overton  and  Hoeber 
refer  the  toxic  action  of  potassium  salts  to  an  alteration  of  this 
normal  permeability.  Assuming  with  Bernstein  ^  and  Brùnings  '* 
that  the  normal  potential  difference  between  exterior  and  interior 
of  the  resting  celi,  as  shown  by  the  demarcation  current,  depends 
on  the  peculiar  permeability  of  the  plasma  membrane  (free  pene- 
trability  to  certain  cations,  but  not  to  anions),  Hoeber  has  investi- 
gated  the  influence  of  ions  on  the  permeability  of  muscle  by  study- 
ing  the  alterations  which  the  various  salts  induce  in  the  demarcation 
current.  He  finds  in  general  that  muscular  irritability  is  restored 
only  by  those  salts  in  whose  solutions  the  normal  external  positivity 
is  found,  t.  e.,  in  which,  on  the  membrane  theory,  the  plasma  mem- 
brane shows  its  peculiar  differential  permeability  in  relation  to  the 
two  classes  of  ions.  The  salts  afiFect  permeability  by  their  action  on 
the  colloids  of  the  plasma  membrane;  sodium  salts  afifect  these 
colloids  in  such  a  manner  as  to  impart  that  peculiar  consistency  to 
which  the  normal  permeability  corresponds.  The  characteristic  elec- 
trical  surface  polarization,  on  which  the  possibility  of  stimulation 
depends,  is  thus  restored  in  favorable  solutions  of  sodium  salts. 
Potassium  salts,  on  the  other  band,  induce  abnormal  increase  in 
permeability  ;  of  this  the  locai  negativity  resulting  f  rom  their  action 
is  the  sign  ;  the  loss  of  irritability  and  eventual  toxicity  are  due  to 

*  Ov£Rton:  Archiv  ftir  die  gesammte  Physiologie,  1902,  xcii,  p.  346;  Ibid.y  1904, 
cv,  p.  176. 

^  Hoeber:  Physikalische  Chemie  der  Zelle  und  der  Gewebe,  chapters  8,  io.  Cf, 
also,  Archiv  ftir  die  gesammte  Physiologie,  1907,  cxx,  p.  492. 

'  Bernstein:  Archiv  ftir  die  gesammte  Physiologie,  1902,  xcii,  p.  521. 

*  Brùnings  :  Ibid.,  1903,  xcviii,  p.  241  ;  1903,  e,  p.  367. 
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'  the  abolition  of  the  normal  permeabiHty.  Hence  such  salts  cannot 
restore  irritability. 

It  is  essentially  because  stimulation  is  associateci  with  a  negative 
variation  similar  to  that  resulting  f  rom  the  locai  action  of  potassium 
salts  or  from  other  injurious  influences  —  many  of  which  can  be 
shown  to  increase  permeability — ^.that  a  temporary  increase  in 
permeabiHty  is  assumed  to  be  an  essential  feature  of  the  stimulation 
process.  Salts  thus  affect  irritability  by  influencing  the  condition 
of  the  plasma  membrane  and  so  determining  thè  readihess  with 
which  the  permeability  change  of  stimulation  is  effected.  The  all- 
importance  of  specific  external  electrolytes  to  such  a  tissue  as  muscle 
is  therefore  evident,  since  its  normal  physiological  action  depends 
on  the  preservation  of  a  condition  of  permeability  which  only 
sodium  salts  —  typically  in  association  with  smaller  quantities  of 
calcium  and  potassium  salts  —  can  give. 

In  a  recent  paper  ^  I  bave  attempted  to  show  that  this  temporary 
increase  in  permeability  —  which  Overton,  Bernstein,  Brùnings,  and 
Hoeber  agree  in  regarding  as  a  fundamental  feature  of  the  process 
—  is  in  itself  sufficient  to  account  for  the  increased  liberation  of 
energy  which  is  the  essential  consequence  of  stimulation.  It  is 
assumed  that  increased  permeability  of  the  plasma  membrane  will 
facilitate  the  escape  of  metabolic  products  from  the  celi  ;  and  since 
the  increased  energy  production  following  stimulation  is  associated 
with  an  increased  loss  of  carbon  dioxide,®  the  hypothesis  is  sug- 
gested  that  it  is  the  increased  rate  of  escape  of  this  oxidation 
product  from  the  tissue  that  determines  the  increased  rate  of  oxida- 
tion and  so  of  energy  production  in  the  tissue  at  this  time.  Rapid 
removal  of  the  reaction  products  from  a  chemical  reaction  promotes, 
and  their  accumulation  checks,  the  progress  of  the  reaction  ;  these 
coroUaries  of  the  law  of  mass  action  must  apply  to  the  energy- 
yielding  oxidative  reactions  in  living  cells.  The  rate  of  oxidation 
and  so  of  energy  production  in  muscle  must  then  bave  a  functional 
dependence  on  the  rate  of  escape  of  the  final  oxidation  products  — 
mainly  carbon  dioxide;  this  rate  must  be  profoundly  influenced  if 
not  altogether  determined  by  the  degree  of  permeability  of  the 
plasma  membrane.     Increased  permeability  thus  means  increased 

evolution  of  carbon  dioxide,  hence  increased  oxidation  and  energy 

t 

*  LiLUE,  R.  :  This  jouraal,  1909,  xxiv,  p.  14. 

•  Not  yet  satisfactorily  demonstrated  for  nerve,  where,  however,  the  energy  pro- 
duction is  admittedly  very  sHght. 
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production  within  the  tissue;  this,  on  the  present  hypothesis,  is  the 
condition  during  stimulation.  Conversely,  decreased  surface  per- 
meability  means  decreased  loss  of  carbon  dioxide  and  hence  retarded 
oxidation  and  energy  production,  —  in  a  word,  inhibition.  The 
plasma  membrane  thus  constitutes,  by  virtue  of  its  varying  per- 
meability,  perhaps  the  chief  means  of  regulating  the  velocity  of 
oxidative  and  no  doubt  other  metabolic  processes  within  the  celi. 

The  exact  conditions  of  the  high  velocity  of  these  processes  in  the 
living  celi  are  not  understood;  apparently  favorable  combinations 
of  catalyzers  and  co-f erments  exist,  and  the  structural  conditions  in 
the  tissue  favor  their  action  ;  under  these  conditions  the  progress  of 
reactions  to  equilibria  will  be  rapid  ;  and  disturbances  of  equilibria, 
as  by  the  above  changes  in  permeability,  will  bave  correspondingly 
marked  and  rapid  eflfects.  The  promptitude  and  the  energy  of  the 
response  to  stimulation  may  conceivably  thus  be  explained.  Just 
why  reaction  velocities  are  so  high  in  living  cells  constitutes  of  course 
a  separate  problem. 

It  will  probably  be  agreed  that  increased  energy  production  is 
the  essential  and  primary  change  following  stimulation.  The  ques- 
tion  as  to  the  exact  means  by  which  the  transformed  chemical 
energy  is  converted  into  the  mechanical  energy  of  contraction  is  a 
distinct  problem  for  which  various  solutions  bave  been  suggested. 
The  evidence,  in  my  opinion,  favors  some  form  of  the  general  view 
expressed  by  various  physiologists  (d'Arsonval,  Bernstein,  Imbert, 
J.  Loeb,  and  others)  that  the  energy  of  muscular  contraction  is 
transformed  surface  energy.  Perhaps  the  most  distinctive  feature 
of  colloidal  Systems  is  their  large  potential  surface  energy,*^  and 
presumably  a  portion  of  this  appears  as  free  mechanical  energy  in 
contraction.  Increase  in  the  surface  tension  of  the  colloidal  par- 
ticles  forming  the  fibrillae  would  involve  increased  coherence  of 
the  contiguous  particles  in  the  fibril  and  consequently  shortening. 
Increase  of  surface  tension  is  a  change  such  as  would  lead  in  a 
simple  colloidal  solution  to  coalescence  of  particles  and  eventually 
to  coagulation  ;  such  a  change  may  therefore  be  called  coagulative, 
and  it  is  possible  that  a  reversible  coagulative  change  of  this  kind, 
under  the  influence  of  hydrogen  ions  freed  in  oxidation,  may  be 
the  immediate  condition  of  the  contraction.®    Bernstein's  proof  that 

^  Cf.  Wolfgang  Ostwald's  article  in  Oppenheimer's  Handbuch  der  Biochemie, 
Bd.  i,  p.  839. 
*  LiLLiE,  R.  :   Loc.  ciL  ;  also  This  journal,  1908,  xxìi,  p.  75. 
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the  temperature  coefficient  of  contractile  energy,  with  a  stimulus  of 
given  intensity,  is  negative,  supports  strongly  the  general  view  that 
muscular  energy  is  transf  ormed  surf  ace  energy  ;  ®  and  the  only  sur- 
face  of  area  sufficient  to  account  for  the  quantity  of  energy  trans- 
formed  is  the  united  surface  of  the  colloidal  particles  forming  the 
contractile  elements. 

Alterations  in  the  permeability  of  the  plasma  membrane  involv- 
ing  stimulation  or  the  reverse  may  be  variously  induced.  In  the 
preceding  paper  I  bave  considered  the  stimulating  and  inhibiting 
action  of  electrolytes  and  fat  solvents  from  this  point  of  view.  The 
present  paper  describes  the  results  of  a  study  of  the  action  of  dif- 
ferent  electrolytes  and  combinations  of  electrolytes  in  restoring 
contractility  to  the  musculature  of  Arenicola  larvae  after  its  removal 
by  the  action  (i)  of  sugar  solutions  and  (2)  of  various  electrolyte 
Solutions,  chiefly  magnesium  chloride. 


EXPERIMENTAL. 

I.    Restoration  of  Contraction  after  Treatment  witii 
Dextrose  Solutions. 

In  pure  solutions  of  non-electrolytes  muscular  contractions  gradu- 
ally  disappear;  ciliary  movement  is  also  retarded  and  eventually 
ceases,  but  may  continue  for  some  hours  before  its  final  disappear- 
ance.  The  following  is  typical  of  the  action  of  isotonic  dextrose 
solutions  : 

June  8,  1908.  —  Arenicola  larvae  were  coUected  in  watch  glasses  by  heliotro- 
pism  in  the  usuai  manner  and  placed  in  w-dextrose  solution  (Kahlbaum's 
dextrose  in  fiat  soUd  cakes)  at  10.35  a.  m.  ;  after  the  larvae  had  settìed  the 
solution  was  changed  to  remove  ali  trace  of  sea  water.  Observation  at 
five-minute  intervals  showed  the  following: 

10.40  A.  M.  Larvae  swim  slowly  and  collect  in  clumps  ;  cilia  are  mach 
slower  than  normal  ;  larvae  are  becoming  stiff,  but  stili  show  sluggish  mus- 
cular contractions. 

10.45  A.  M.  Cilia  continue  slowly;  larvae  are  rigid,  but  show  some 
slight  muscular  contraction;  when  the  larvae  are  distributed  uniformly 
through  the  solution  by  a  pipette,  the  ciliary  action  causes  them  to  col- 
lect at  the  bottom  of  the  watch  glass  in  groups  or  clumps.  The  larvai 
body  shows  slight  shrinkage  from  the  cuticle. 

*  Bernstein:  Archiv  fUr  die  gesammte  Physiologie,  1908,  cxxii,  p.  129. 
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10.50  A.  M.  Slow  ciliary  movement;  larvae  are  quite  rigid,  no  muscu- 
lar  contractions  are  seen.    There  is  now  distìnct  shrinkage  f rom  the  cuticle. 

11.00  A.  M.  Condition  as  at  10.50.  Slow  ciliary  movement  continues; 
no  muscular  contractions  are  seen. 

In  dextrose  solutions  ciliary  movement  may  continue  for  two  to 
three  hours,  but  muscular  contractions  are  always  found  to  bave 
completely  or  almost  completely  ceased  after  twenty  to  thirty 
minutes.  Some  variation  has  been  found  in  the  action  of  different 
solutions  of  dextrose  ;  Kahlbaum's  dextrose  is  not  quite  f  ree  f  rom 
chlorides,  and  a  part  of  the  variation  may  be  due  to  this  circum- 
stance.  Thus,  while  the  above  record  is  typical,  I  have  found  in  a 
number  of  experiments  occasionai  muscular  contractions  after  an 
hour  or  even  more  in  the  dextrose  solution.  Such  movements  are 
slight  and  dose  observation  is  required  to  detect  them.  A  number 
of  careful  comparisons  were  made  between  •  dextrose  solutions  and 
solutions  of  Kahlbaum*s  crystallized  cane  sugar,  which  appears 
absolutely  free  from  electrolytes.  Thus  in  three  separate  deter- 
minations  with  w-cane-sugar  solutions  ali  ciliary  movement  was 
found  to  have  ceased  in  a  little  over  an  hour  (a  trace  of  movement 
remained  in  one  experiment  after  one  hour  and  seventeen  minutes)  ; 
in  dextrose  solutions  some  ciliary  movement  nearly  always  remains 
after  two  hours.  Muscular  contractions  disappear  in  cane-sugar 
solutions  as  in  dextrose;  in  the  above  three  experiments  careful 
search  showed  feeble  contractions  in  a  few  larvae  after  thirty,  forty- 
five,  and  fifteen  ^®  minutes  respectively.  Solutions  of  these  two 
non-electrolytes  have  thus  closely  similar  action;  but  in  dextrose 
solutions  complete  disappearance  of  contractions  usually  requires 
somewhat  longer.  This  diflference  may  be  due  to  the  slight  electro- 
lyte  content  of  the  dextrose  solutions.  In  the  f ollowing  experiments 
with  salts  I  have  used  dextrose  solutions  to  deprive  the  muscles  of 
contractility;  these  are  more  satisfactory  than  cane-sugar  solutions 
on  account  of  their  relatively  slight  viscosity  and  low  specific  grav- 
ity,  —  which  is  less  than  that  of  the  larvse,  while  with  cane-sugar 
the  còntrary  is  the  case. 

Action  of  pure  solutions  of  various  sodium  salts.  —  In  the  experi- 
ments about  to  be  described  I  have  studied  the  action  of  a  series  of 
salts  in  restoring  contractility  to  larvae  after  its  removal  by  dextrose 
solutions.     Kahlbaum's  salts  were  used  in  practically  ali  cases. 

*®  No  observation  between  fifteen  minutes  and  forty-three  minutes  in  this  case. 
After  forty-three  minutes  prolonged  observation  showed  no  trace  of  contraction. 
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Muscular  contractions,  having  at  first  an  almost  normal  character, 
invariably  return  after  transfer  from  sugar  solutions  to  pure  Solu- 
tions of  sodium  salts.  The  injurious  action  of  the  pure  salt  solu- 
tion quickly  becomes  evident,  and  contractions,  at  first  energetic, 
become  weaker  and  soon  cease,  within  an  interrai  which  varies 
considerably  with  the  different  salts  according  to  the  nature  of  the 
anion.  Pure  solutions  of  sodium  salts  are  also  highly  injurious  to 
cilia,  most  of  which,  as  a  rule,  are  arrested  and  in  large  part  disin- 
tegrated  within  the  first  few  seconds  after  transfer;  a  few  may 
remain  active  for  some  time  longer;  this  eflfect  also  shows  signifi- 
cant  variations  according  to  the  nature  of  the  anion,  and  is  more 
rapid  (e.  g.)  with  bromide  or  iodide  than  with  acetate,  sulphate,  or 
tartrate. 

The  following  record  will  illustrate: 

TABLE   I. 

Jum  11  j  1908.  —  Larvae  were  transferred  from  sea  water  to  m-dextrose  solution  at  2.35 
p.  M.;  this  solution  was  changed  for  fresh  at  2.45.  The  following  solutions  of  sodium 
salts  in  m/2  concentrations  were  added  to  portions  of  larvae  in  watch  glasses  at  the  times 
indicated  (the  action  of  KCl,  NH4CI,  and  LiCl  was  also  studied  in  this  series;  these  salts 
will  be  considered  later).  The  immediate  effect  of  each  salt  was  observed  under  the  mi- 
croscope with  about  60  diameters*  magnification.  The  intensity  of  the  immediate  stimu- 
lating  action  is  indicated  by  the  promptitude  and  vigor  of  the  initial  contraction  or  shortening 
which  immediately  follows  the  contact  of  the  solution;  this  varies  in  a  highly  character- 
istic  manner  with  the  nature  of  the  anion;  the  character  of  this  initial  contraction  is  there- 
fore  indicated  in  each  case. 

1.  m/2  NaCl.    3.17.    Muscular  contractions  begin  at  once  with  a  moderate  initial  con- 

traction. Cilia  are  partly  disintegrated  at  once,  but  many  continue  slowly.  By  3.20 
muscular  contractions  are  veìy  feeble;  by  3.25  none  are  seen  and  most  cilia  bave 
ceased.    At  3.49  there  is  no  muscular  movement  and  cilia  bave  practically  ceased. 

2.  m/2  NaBr.    3.26.    Well-marked  initial  contractìon;   arrest  and  disintegration  of  cilia 

are  more  complete  than  with  NaCl;  a  few  cilia  remain  feebly  active.  By  3.28  muscu- 
lar contractions  bave  almost  ceased.  A  trace  of  ciliary  movement  remains  at  3.47; 
no  movement  is  seen  later. 

3.  m/2  NaI.    3.30.    Marked  initial  contraction;   feeble  muscular  movements  during  the 

succeeding  relaxation;  cilia  nearly  ali  cease  and  liquefy  at  once.  By  3.32  muscular 
contractions  bave  practically  ceased  —  a  trace  of  movement  is  seen.  At  3.44  a  trace 
of  ciliary  movement  persists;  no  muscular  movement.    No  movement  seen  later. 

4.  m/2  NaNOj.    3.38.    Moderate  initial  contraction;    muscular  contractions  somewhat 

slight  and  cease  soon;  cilia  mostly  cease  at  once.  At  3.40  a  few  contractions  at  inter- 
vals;  a  little  ciliary  movement.  At  3.43  a  few  contractions.  At  3.50  no  muscular 
movement;  trace  of  ciliary.     No  movement  later. 

5.  m/2  NaClOj.    3.41.    Action  very  similar  to  m/2  NaNO,;  a  few  contractions  at  3.52; 

ndne  seen  later.    A  faint  trace  of  ciliary  movement  remains  after  one  hour. 

6.  m/2  NaCOOCHj.    3.53.    Well-marked  initial  contraction;   cilia  continue  movement 

in  most  larvjB.    At  3.58  contractions  occur  at  intervals;  cilia  slowly  active  in  a  large 
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proportion.  At  4.31  and  4.44  cilia  are  stili  largely  active,  but  no  muscular  mowment 
is  seen. 

7.  m/2  NaaS04.    3.54.5.    Initial  contraction,  followed  by  well-marked  muscular  move- 

ment  ;  cilia  continue  in  a  large  proportion.  At  4.00  only  a  few  muscular  contractions 
are  seen;  fair  ciliary  movement  remains.  At  4.45  a  few  feeble  contractions  are  seen; 
ciliary  movement  has  almost  ceased. 

8.  m/2  NaaSjO,.    3.56.5.    Immediate  effect  as  in  m/2  Na^SO^.    At  4.10  occasionai  con- 

tractions are  seen  ;  most  cilia  bave  ceased.  At  4.27  a  few  contractions  are  seen,  and 
a  little  ciliary  movement.     No  movement  at  4.48. 

9.  m/2  NaaC4H40a.    4.02.    Slow  muscular  movements  at  first.    At  4.07  a  few  contrac- 

tions occur  at  intervals;  cilia  continue  in  a  fair  proportion.  At  4.24  there  is  consider- 
able  slow  ciliary  movement;  no  contractions  are  seen.  At  4.50  a  very  few  contractions 
are  seen;  a  little  ciliary  movement  remains. 

10.  m/2  Na,  citrate.    4.03.    Muscular  contractions  are  slight  and  cease  soon;   cilia  con- 

tinue for  a  short  time.  At  4.05  a  few  occasionai  contractions  are  seen;  cilia  bave 
almost  ceased.  At  4.22  a  trace  of  ciliary  movement  remains;  no  muscular  contraction. 
No  movement  seen  later. 

11.  m/2  NaaHPO^.    4.10.    Contractions  begin  somewhat  feebly;  cilia  continue  for  some 

little  time.  At  4.20  occasionai  contractions  are  seen;  considerale  ciliary  movement 
remains.     At  4.54  no  movement  is  seen. 

12.  m/2  Na4Fe(CN)g.    4.12.    Contractions  appear  slowly;    cilia  continue  in  a  fair  pro- 

portion of  larvae.  At  4.18  a  few  feeble  contractions  are  seen;  cilia  bave  almost  ceased 
at  4.19.    No  movement  seen  later. 

Four  other  series  of  experiments  with  sodium  salts  gave  a  similar 
general  result.  A  certain  definite  relation  of  the  anions  to  ciliary 
movement  appears  quite  uniformly.  In  solutions  of  sodium  acetate 
particularly,  also  in  those  of  sulphate,  tartrate,  and  phosphate,  there 
is  less  immediate  destruction  of  cilia  than  in  chloride,  bromide, 
iodide,  and  nitrate,  and  the  average  duration  of  the  movement  is 
distinctly  greater.  If  the  relative  action  of  the  salts  is  measured 
by  the  average  maximal  duration  of  ciliary  movement  in  their  re- 
spective  solutions,  the  toxicity  of  the  anions  is  seen  to  increase  in 
essentially  this  order  :  COOCH3  <  SO4  <  C4H40e  <  HPO4  < 
CI  <  NO3  (and  CIO3)  <  Br  <  I.^^  Since  this  is  also  the  general 
order  of  increasing  action  of  anions  in  affecting  the  aggregation 
state  of  hydrophilous  colloids,  it  appears  evident  that  the  immediate 
destructive  action  is  dependent  on  alteration  (presumably  increased 
dispersion)  of  the  tissue  colloids.  Similar  relations  appear,  al- 
though  less  clearly,  for  muscular  contraction.  Tlie  results  of  these 
experiments  may  be  briefly  indicated  as  foUows  :  In  Table  II  after 
each  salt  is  given  the  latest  interval  (after  placing  in  the  solution) 
at   which   any   trace   of   ciliary   or  of   muscular  contraction  was 

"  HoEBER  finds  essentially  similar  conditions  for  tbe  cilia  of  the  frog's  oesoph- 
agus.     Cf.  Biochemische  Zeitschrift,  1909,  xvii,  p.  518. 
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TABLE  II. 
The  results  of  five  separate  series  of  ex'periments  with  m/2  solutions  of  the  following  saUs 
are  tabulateci.  Bach  vertical  column  gives  the  results  of  a  single  series.  Cilìary  move- 
ment  usually  outlasts  muscular  contraction;  the  latest  interval  at  which  either  form 
of  activity  was  observed  is  gìven  for  each  solution.  The  4-  mark  indicates  considerable 
activity  at  the  time  of  the  latest  observation. 


Series. 

Salt 

1 

2 

3 

4 

5 

cU. 
NaCl 

muse. 

32  m. 

3m.  + 
«8m) 

14  m. 
14  m. 

63  m. 

2.5  m.  + 
«  17  m.) 

20  m. 
<20m. 

2  h.  23  m. 
29  m. 

cil. 
NaBr 

muse. 

21  m. 
2m. 

12  m. 

13  m. 

16  m. 
<  16  m. 

14  m. 
<14m. 

. . .  - 

eil. 
NaI 

muse. 

14  m. 
2  m. 

1.5  m. 
9.5  m. 

<  2  m. 
13  m. 

<2  m. 

2  m+ 
«  9  m.) 

eU. 
NaNO, 

muse. 

12  m. 
5m. 

7m. 
7m. 

58  m. 
<  11.5  m. 

9m. 

2  m.  + 
«  9  m.) 

cil. 
NaClO, 

59  m. 

.... 

.... 

<llm. 

.... 

muse. 

11  m. 

.... 

.... 

11  m. 

.... 

cil. 
NaCOOCH, 

muse. 

51m.+ 
5  m.+ 

2  h.  34m. 
41  m. 

lh.45m.+ 
<16m. 

lh.33m.+ 
8  m. 

2h.l8m.+ 
24  m. 

eU. 
NajSO, 

muse. 

50  m. 
50  m. 

.... 

.... 

1  h.  32  m. 
63  m. 

2  h.  17.m., 
46  m. 

cU. 
Na^SjO, 

muse. 

.  30  m. 
30  m. 

13  m. 
13  m. 

45  m. 
<14m. 

ca.  6  m. 

6  m.+ 
«  23  m.) 



eil. 
Na,C,H,0. 

muse. 

48  m. 
48  m. 

<12  m. 
12  m. 

47  m. 
<  13  m.  ' 

1  h.  22  m. 
56  m. 

2  h.  14  m 
45  m. 

cil. 
Na,  citrate 

muse. 

19  m. 
2m. 

.... 

.... 

2  m.  (<  4  m.) 
<  4m. 

.... 

eil. 
Na^HPO, 

muse. 

10m.+ 
10  m. 

<12m. 
40  m. 

47  m. 
<:i3m. 



43  m. 
21  m. 

Na,Fe(CN)e 

muse. 

7m. 
6  m. 

.... 



.... 
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definitely  observed.  Observation  cannot  be  continuous  in  such  ex- 
periments  and  registration  is  impracticable  ;  hence  the  maximal 
duration  of  the  respective  movements  is  only  approximately  in- 
dicated;  the  approximation  is  sufficiently  dose,  however,  to  admit 
no  doubt  of  the  existence  of  the  above  Constant  differences  between 
the  different  salts. 

The  above-described  differences  for  the  various  salts  will  appear 
clearly,  especially  for  ciliary  movement,  on  inspection  of  the  above 
table.  The  action  of  solutions  belonging  to  the  same  series  should 
be  compared;  the  cilia  of  different  lots  of  larvae  show  unequal  de- 
grees  of  resistance  to  the  destructive  action  of  the  solutions  :  those 
of  Series  5  and  3,  for  example,  were  more  than  usually  resistant. 
With  muscle  the  differences  appear  less  decided  than  with  cilia; 
the  diffìculty  of  determining  the  maximal  duration  of  movement  is 
greater  on  account  of  the  intermittence  of  the  contractions.  In 
sulphate,  tartrate,  acetate,  and  phosphate  contractions  typically  last 
longer  than  in  bromide,  iodide,  and  nitrate,  and  chloride  is  usually 
intermediate.  The  same  general  order  of  toxicity  is  thus  seen  as 
for  cilia. 

In  their  immediate  stimulating  action  on  muscle  the  salts  show 
similar  differences.  The  initial  contraction  increases  in  energy  from 
chloride  to  bromide  and  from  bromide  to  iodide,  and  is  as  a  mie 
relatively  slight  with  the  less  toxic  salts.  A  parallelism  thus  exists 
between  toxicity  and  stimulating  power,  indicating  that  stimulation 
and  toxic  action  depend  on  alteration  of  the  same  structural  ele- 
ments  of  the  tissue.  On  the  present  theory  the  plasma  membrane 
is  the  primary  structure  affected  in  both  instances.  A  vigorous 
stimulating  action,  such  as  that  shown  by  sodium  iodide,  implies  a 
rapid  and  pronounced  increase  in  the  permeability  of  this  mem- 
brane; this  implies  a  more  far  reaching  charge  in  the  colloidal 
aggregation  state  than  that  produced  by  a  more  weakly  acting  salt. 
Such  a  change,  however,  if  carried  too  far  cannot  fail  to  bave  a 
disintegrative  or  destructive  action.  Hence  those  salts  which  stimu- 
late  must  powerfully  tend  to  be  the  most  toxic,  mainly  because  of 
the  rapidity  with  which  they  induce  abnormal  or  patholog^cal  in- 
crease of  permeability.  This  effect  of  pure  sodium  salts  can  be 
largely  counteracted  by  the  addition  of  a  little  calcium  or  other 
favorable  cation,  which  checks  both  the  stimulating  and  the  toxic 
action.^  2 

*'  Cf.  my  preceding  paper,  Loc.  cit.^  p.  24. 
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In  interpreting  the  physiological  action  of  saits  we  must  regard 
changes  in  permeability  as  of  fundamental  importance.  In  the  pre- 
ceding  paper  it  was  shown  that  the  stimulating  action  of  pure  solu- 
tions  of  sodium  and  other  saIts  is  associated  with  a  marked  increase 
in  permeability,  and  the  stimulation  was  referred  directly  to  this 
latter  change.  The  influence  of  sugar  solutions  in  repressing  irri- 
tabiHty  and  contractiou  without  initial  stimulation  receives  a  satis- 
factory  explanation  on  the  assumption  that  withdrawal  of  the  nor- 
mal  salts  from  the  medium  renders  the  plasma  membranes  of  the 
irritable  elements  less  permeable  than  normally.  Hence  the  normal 
transfer  or  interchange  of  material  across  the  plasma  membrane  is 
retarded  or  prevented;  escape  of  carbon  dioxide  and  along  with 
this  the  energy-yielding  oxidative  processes  are  checked.  A  state 
of  decreased  activity  and  irritability,  corresponding  to  anaesthesia, 
is  thus  induced.  The  evidence  that  permeability  is  actually  de- 
creased in  sugar  solutions  is  indirect  at  present.  The  resemblance 
between  the  action  of  such  solutions  and  those  of  magnesium 
chloride  favors  this  interpretation  ;  both  solutions  remove  con- 
tractility  without  stimulating  and  without  causing  loss  of  pigpment, 
and  recovery  on  subsequent  transfer  to  sea  water  is  prompt  and 
complete. ^^  On  the  other  band,  solutions  which  remove  contractil- 
ity  only  after  a  strong  initial  stimulation  and  loss  of  pigment  (pure 
NaCl,  KCl,  etc.)  bave  a  markedly  toxic  action,  and  restoration  of 
contraction  in  sea  water  is  delayed  and  imperfect  (see  later,  p.  488). 
It  is  evident  that  loss  of  contraction  in  sugar  or  magnesium  chloride 
solutions  is  due  to  a  change  of  a  very  different  kind  from  that  in- 
duced by  pure  sodium  or  potassium  chloride.^  ^  The  prompt  and 
perfect  recovery  in  sea  water  indicates  that  the  properties  and 
physico-chemical  constitution  of  the  tissue  bave  remained  essentially 
unaltered  during  the  stay  in  the  former  solutions;  the  complete 
reversibility  of  the  change  is  thus  explained.  During  increased  per- 
meability, on  the  contrary,  there  is  necessarily  a  loss  of  material 
from  the  tissue,  —  this  effect  is  partly  visible  in  the  characteristic 
loss  of  pigment,  —  and  such  a  change  if  extreme  must  lead  to  in- 
jurious  alteration  of  chemical  constitution  or  structure.  Hence 
the  relative  irreversibility  of  changes  involving  marked  and  pro- 
longed  increase  of  permeability.    If  permeability  is  altered  in  sugar 

^'  Cf.  preceding  paper,  p.  25. 

"  Cf.  HoEBER:  Physikalische  Chemie  der  Zelle  und  der  Gewebe,  2te  Auflage, 


p.  294. 
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Solutions,  it  is  certainly  not  in  the  direction  of  increase,  and  ali  the 
analogies  indicate  a  decrease. 

We  assume  therefore  that  in  sugar  solutions  the  muscle  cells  are 
temporarily  rendered  less  permeable  than  normal.  The  above  elec- 
trolytes,  by  their  direct  action  on  the  coUoids  of  the  plasma  mem- 
brane, increase  the  permeability  of  the  latter  and  so  restore  irrita- 
bility  ;  contractions  accordingly  result,  which  are  the  more  vigorous 
the  more  pronounced  the  increase  in  permeability,  —  hence  the  rela- 
tion of  the  stimulating  effect  to  the  character  of  the  ions.  If  the 
increase  in  permeability  is  abnormally  great,  toxic  effects  follow  and 
the  contractions  soon  cease. 

The  above  relation  of  the  anions  of  the  sodium  salts  to  the  stimu- 
lating action  recalls  Mathews'  hypothesis  that  anions  are  the  stimu- 
lating ions,  while  cations  in  general  bave  the  reverse  action.^^ 
This  view  implies  that  in  stimulation  the  aggregation  state  of  the 
coUoids  is  altered  in  a  definite  manner;  whether  the  change  is  in 
the  direction  of  coagulation  or  of  an  increased  dispersion  must  de- 
pend  on  the  nature  of  the  colloids  concerned  in  the  stimulation 
process.  These,  however,  are  probably  negative,  so  that  increased 
dispersion  would  correspond  to  stimulation.  It  is  possible  that 
increased  colloidal  dispersion  may  be  especially  favorable  to  stimu- 
lation in  certain  irritable  tissues,  such  as  nerve,  to  which  Mathews' 
conclusions  apply  more  particularly  ;  but  the  rule  is  not  a  universal 
one,  as  certain  of  the  following  experiments  show;  stimulation 
(e,  g.)  may  be  due  directly  to  the  action  of  hydrogen  ions  (see 
p.  476).  We  must  conclude  that  the  essential  change  in  stimulation 
is  neither  coagulation  nor  increased  dispersion  of  the  plasma  mem- 
brane colloids,  but  simply  a  temporary  increase  in  permeability; 
apparently  this  may  result  from  either  change  provided  the  altera- 
tion  in  colloidal  consistency  is  sufficient. 

Action  of  pure  solutions  of  alkali  and  alkali  earth  chlorides.  —  Pure 
solutions  of  salts  of  the  other  alkali  metals  also  produce  contrac- 
tions differing  characteristically  from  those  shown  in  solutions 
of  sodium  salts.  Several  series  of  experiments  were  performed 
with  chlorides  of  the  alkali  and  alkali  earth  metals  in  in/ 2,  m/4, 
and  m/8  concentrations. 

In  general,  the  following  results  bave  appeared:  Solutions  of 
lithium  chloride,  and  to  a  less  degree  of  csesium  chloride,  resemble 
sodium  chloride  in  their  general  action  on  muscle,  producing  rela- 

"  Mathews  :  This  journal,  1904,  xi,  p.  455. 
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tively  slight  initial  contractions  foUowed  by  muscular  movements 
which  last  for  several  minutes;  potassium  and  rubidium  chiorides, 
on  the  other  band,  cause  a  strong  initial  shortening  followed  by 
feeble  contractions  which  last  only  for  the  brief  period  occupied  by 
the  relaxation  (from  a  few  seconds  to  a  minute  in  m/2  solutions)  ; 
ammonium  chioride  resembles  potassium  rather  than  sodium  chlo- 
ride.  Of  the  alkali  earth  chiorides,  that  of  magnesium  has  no  stim- 
ulating  action  —  in  its  solutions  larvae  remain  extended  and  motion- 
less;  calcium  chioride  produces  feeble  movements  which  last  for 
some  time;  in  strontium  chioride  solutions  contractions  are  also 
feeble,  and  considerable  shortening  results  ;  in  barium  chioride  solu- 
tions shortening  is  more  decided  and  contractions  cease  much 
sooner. 

The  following  record  describes  a  typical  series  of  experiments: 

TABLE  III 

June  12 y  1908.  —  Larvae  were  placed  in  m-dextrose  solution  at  10.10  A.  M.,  and  trans- 
ferred  to  m/2  solutions  of  the  following  salts  at  the  times  designated. 

1.  m/2  KCl.    11.03.    Immediate  shortening  results,  followed  in  a  few  seconds  by  a  graduai 

relaxation  mth  feeble  bending  movements.  No  contractions  are  seen  after  the  relax- 
ation is  complete  (about  1  m.).  Cilia  continue  vibrating  for  three  to  four  hours; 
have  ceased  by  4.25  P.  m. 

2.  m/2  RbCl.    11.05.5.    Efifect  is  like  KCl:  there  is  a  marked  initial  contraction  followed 

by  feeble  contractions  which  cease  in  about  one  minute.  Cilia  continue  for  about 
three  hours;   have  ceased  by  4.25. 

3.  m/2  CsCl.    11.08.    Initial  contraction  is  relatively  slight  as  compared  with  KCl  or  RbCl, 

and  muscular  contractions  last  for  some  time;  a  little  muscular  movement  at  11.15. 
Cilia  continue  for  three  to  four  hours. 

4.  m/2  NH^Cl.    11.16.    Moderate  muscular  contractions  appear  at  once,  and  last  for  less 

than  two  minutes.    Cilia  have  almost  ceased  by  11.31;  no  movement  at  11.53. 

5.  m/2  LiCl.    11.19.    Slight  initial  contraction;  muscular  movements  are  well  marked  at 

first;  have  practically  ceased  in  three  minutes.  Most  cilia  cease  at  once;  a  trace  of 
ciliary  movement  remains  at  11.33. 

6.  m/2  NaCl.    11.26.    Slight  initial  shortening;   muscular  contractions  are  well  marked 

and  continue  for  three  or  four  minutes;  have  almost  ceased  by  11.29.  No  contrac- 
tions at  11.38.  Cilia  are  slowed  from  the  first;  a  little  movement  remains  at  11.38, 
none  at  12.00. 

7.  m/2  MgClj.    12.01.    No  initial  contraction;   a  few  doubtful  muscular  movements  at 

first  contact  of  solution;  thereaf ter  none  seen.  Cilia  continue  actively;  have  almost 
ceased  at  2.05. 

8.  m/2  CaCla.    12.04.    Feeble  muscular  contractions  apf)ear  and  last  some  time.    Cilia 

are  slowed  and  partly  disintegrated  ;  cease  within  eight  minutes.  Larvae  gradually 
shorten;  feeble  contractions  continue  at  intervals;  these  have  ceased  by  2.06. 

9.  m/2  SrClj.    12.09.     Muscular  contractions  are  slight  and  sluggish;  larvae  gradually 

shorten;  a  little  contraction  at  12.21;  none  at  12.47.  Cilia  cease  almost  immediatcly 
«  1  m.). 

10.  m/2  BaClj.  12.16.  Marked  muscular  shortening  which  persists;  larvae  show  no 
definite  contractions  afterward,  remaining  shortened  and  motionless.  Slow  ciliary 
movement  remains  in  a  fair  proportion  at  12.22;  none  at  12.47. 
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In  less  concentrateci  solutions,  of  the  above  salts  (m/4  and  m/8) 
similar  effects  are  seen,  but  the  contractions  tend  to  last  longer.  The 
results  of  ali  of  last  summer's  experiments  with  pure  solutions  of 
the  above  salts  are  summarized  in  Table  IV: 

In  this  table  the  times  indicate  as  before  approximately  the  maximal  duration 
of  both  ciliary  and  muscular  movement  in  the  respective  solutions.  Each  ver- 
tical  column  represents  a  single  series  of  experiments  in  which  larvae  were 
transferred  at  intervals  from  the  dextrose  solution  to  the  salt  solution.  The 
length  of  the  stay  in  the  non-electrolyte  solution  has  varied  somewhat  —  within 
the  range  of  about  thirty-five  minutes  tò  an  hour  and  a  half,  —  so  that  the  cor- 
responding  figures  for  different  series  are  not  strictly  comparable;  in  Series  io 
and  1 1  in  particular  ciliary  movement  had  largely  ceased  in  the  dextrose  solu- 
tion before  transfer;  hence  there  was  less  revival  than  in  Series  9  with  the 
same  salts  in  the  same  concentrations. 

To  preserve  an  approximate  isotonicity  the  tn/4  and  w/8  solutions  were  pre- 
pared  by  diluting  the  m/2  salt  solution  with  m-dextrose  solution. 

The  characteristic  action  of  the  alkali  chlorides  is  as  follows: 
Potassium  and  rubidium  chlorides  produce  at  the  moment  of  con- 
tact with  the  solution  temporary  but  pronounced  contractions  which 
cease  very  soon;  ammonium  chloride  has  a  less  powerful  initial 
stimulating  action  and  sustains  contractions  somewhat  longer;  while 
in  sodium,  lithium,  and  caesium  chlorides  the  immediate  stimulating 
action  is  stili  less  pronounced  and  contractions  last  for  a  considerable 
time  —  typically  longer  with  sodium  and  caesium  than  with  lithium. 
The  influence  on  cilia  is  also  characteristic  and  different  from  that 
on  muscle.  Rubidium,  potassium,  and  caesium  chlorides  ali  sustain 
ciliary  movement  for  prolonged  periods  (some  hours),  though 
caesium  appears  somewhat  less  f avorable  than  the  other  two  ;  in 
ammonium  chloride  cilia  are  active  at  first  but  cease  soon;  while 
in  sodium  and  lithium  chloride  they  largely  undergo  disintegration 
shortly  after  contact  with  the  solution  ;  although  a  few  may  remain 
slowly  active,  especially  in  sodium  chloride,  for  some  time  longer. 
The  alkali  earth  chlorides  show  the  following  Constant  peculiarities 
of  action.  All^  produce  muscular  contractions  except  magnesium 
chloride;  in  solutions  of  this  salt  the  larvae  remain  stiff  and  ex- 
tended  although  the  cilia  remain  active;  the  characteristic  anaes- 
thetic  action  is  thus  shown.  With  calcium  chloride  sluggish  mus- 
cular contractions,  lasting  some  time,  are  typical  ;  in  strontium  chlo- 
ride similar  contractions  are  seen,  but  they  cease  much  sooner. 
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Cilia  also  ce^se  sooner  in  strontium  than  in  calcium  chioride,  and 
last  longest  in  magne3Ìum  chioride.  Barium  is  rapidly  destructive 
to  both  ciliary  and  muscular  movement,  and  after  the  initial  mus- 
cular  contraction  no  further  movement  is  seen  in  solutions  of  its 
chioride. 

It  is  noteworthy  that  muscular  contractions  in  sodium,  lithium, 
and  caesium  chlorides  may  show  at  first  an  almost  normal  character  ; 
the  toxicity  of  the  pure  solution  prevents  a  more  complete  recovery 
and  contractions  cease  before  many  minutes.  Addition  of  a  little 
calcium  to  pure  solutions  of  sodium  or  lithium  chioride  renders  the 
solution  much  more  favorable,  and  contractions  may  then  last  for 
several  hours.^^  When  the  difference  in  the  conditions  of  experi- 
ment  and  in  the  character  of  the  organisms  is  considered,  it  is  re- 
markable  how  dose  an  agreement  the  above  results  show  with  those 
of  Overton^®  on  vertebrate  muscle.  The  partial  recovery  of  irri- 
tability  with  calcium  and  strontium  salts  (not  with  Mg  in  Areni- 
cola) and  the  peculiar  resemblance  of  caesium  to  lithium  and  sodium 
are  seen  in  Arenicola  also.  The  inference  seems  clear  that  the  con- 
tractile elements  are  similarly  affected  by  electrolytes  in  both  classes 
of  organisms;  a  fundamental  similarity  in  physico-chemical  con- 
stitution  is  thus  indicated.  The  order  of  increasing  favorability  of 
the  alkali  cations  for  Arenicola  muscle,  as  indicated  by  the  degree 
to  which  normal  contractions  return  in  solutions  of  the  respective 
chlorides,  is  essentially  :  K  and  Rb  <  NH4<  Li  <  Cs  <  Na;  this, 
according  to  Hoeber,^"^  is  practically  identical  with  the  order  of  de- 
creasing  effectiveness  in  the  precipitation  of  lecithin  and  egg- 
albumin  by  the  above  chlorides.  Since  the  plasma  membrane  ap- 
pears  to  be  essentially  a  mixture  of  protein  and  lipoid  material,  the 
view  is  confirmed  that  the  stimulating  action  of  salts  is  due  to  their 
altering  the  aggregation  state  of  the  colloids  composing  this  struc- 
ture  and  so  increasing  its  permeability.  The  characteristic  order  of 
relative  action  in  the  case  of  the  sodium  salts,  as  described  above 
(p.  466),  also  supports  this  conclusion. 

On  the  present  view,  any  solution,  in  order  to  stimulate,  must  so 
alter  the  plasma  membrane  as  to  increase  its  permeability,  at  least 
temporarily.  It  was  shown  in  the  preceding  paper  that  when  normal 
larvae  are  transferred  from  sea  water  to  pure  solutions  of  most  of 

**  Cf.  the  experiments  with  magnesium  chioride  larvae  below,  p.  485. 

"  Overton:   Loc.  cit. 

''  HoEBER  :  Beitràge  zur  chemischen  Physiologie  und  Pathologie,  1907,  xi,  p.  35. 
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TABLE  IV. 

NUMBER  OP  SeRIES  AND  CONCENTRATION  OF  SaLT. 


Salt. 

1  (m/2) 

2  (m/2) 

3  (m/2) 

4  (m/2) 

5  (m/2) 

cil. 

20  m. 

2  h.  33  m. 

32  m. 

34  m. 

7m. 

NaCl 

muse. 

<  20  m. 

29  m. 

3  m.+ 
«  19  m.) 

3  m.+ 
«  12  m.) 

7m. 

LiCl 

cil. 

7m. 

7m. 

8  m. 
(<  23  m.) 

14  m. 

12  m. 

muse. 

<  2m. 

3m. 

<8m 

<3  m. 

<3  m. 

eil. 

5  h.  17  m. 

1  h.  2  m. 

CsCl 

muse. 

... 

... 

... 

1  h.  2  m. 

13  m. 

cil. 

2  h.  16  m. 

2  h.  34  m. 

1  h.  52  m. 

•2h.  57m. 

1  h.  6  m. 

KCl 

muse. 

<  1  m. 

<  1  m. 

<  1  m. 

<lm. 

<lm. 

cil. 

2  h.  6  m. 

1  h.  3  m.+ 

RbCl 

muse. 

... 

... 

... 

<  1  m. 

<  1  m. 

eil. 

3  m.+ 

34.5  m. 

13  m. 

15  m. 

8  m. 

NH.Cl 

muse. 

3  m. 

2.5  m. 

about  2  m. 

<2  m. 

about  2  m. 

cil. 

2  h.  4  m. 

36.5  m. 

MgCl, 

muse. 

... 

-. 

... 

0 

0 

CaCl, 

cil. 
muse. 

... 

■• 

... 

about  4  m. 

42m.+ 
«  2  h.) 

16  m. 
«  33  m.) 

33  m. 

cil. 

... 

Im. 

3m. 

SrCl, 

muse. 

... 

•- 

... 

12  m. 

12  m. 

cil. 

6  m. 

7.5  m. 

BaCb 

muse. 

... 

... 

... 

<èm. 

<im. 

the  above  saits,  strong  contractions  result  and  evidence  of  increased 
permeability  is  seen  in  a  loss  of  pìgment  from  the  cells.  Magnesium 
chioride,  however,  does  not  produce  these  effects;  it  appears  in  faci 
to  decrease  rather  than  to  increase  permeability.  This  exceptional 
behavior  explains  why  this  salt  does  not  restore  contractility  to 
larvae  from  sugar  solutions.  We  may  infer  that  an  electrolyte 
must  increase  permeability  in  order  to  stimulate;    and  since  the 
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TABLE   IV  (CorUinued). 

NUMBER  OF  SeRIES   AND   CONCENTRATION  OF   SaLT. 


6  (m/4) 

7  (m/4) 

8  (m/4) 

9  (m/8) 

10  (m/8) 

11  (m/8) 

21  m. 

13  m.-f 
(<  21  m.) 

14  m. 
«  55  m.) 

6  m. 
«  14  m.) 

... 

14  m. 
(<  41  m.) 

41  m. 

none  seen 

5m. 
(<  15  m.) 

<  2m. 
10  m. 

6.5  m. 
2.5  m. 

25  m.+ 

13  m. 
(<  25  m.) 

2  m. 
«  4  m.) 

2  m. 
«  4  m.) 

5  h.  44  m. 

4m, 
«  11  m.) 

... 

<  3.5  m. 

6.5  m. 

1  h.  28  m. 
(<  3f  h.) 

55  m. 

<  2m. 
8.5  m. 
5m. 
17  m. 

<  1  m. 

4m. 
«  8  m.) 

? 
29  m. 

35  m.-f + 

5  h.  52  m. 

... 

about  22  h. 

3h. 

50  m.-f 

<  1  m. 

<  Im. 

.... 

3m. 

3.5  m. 

2m. 

28  m.-f -f 

5  h.  45  m. 

... 

about  22  h. 

3h. 

42  m.-f 

<  2  m. 

<  1  m. 

.... 

3  m. 

4m. 

2m. 

31  m. 

26.5  m. 

.... 

29  m. 
«  1  h.) 

6  m, 
(<  17  m.) 

4.5  m.-f 

<  2  m. 

about  3  m. 

.... 

6  m. 

2  m. 
«  6  m.) 

4.5  m. 

... 

45m.+ 
«  3  h.) 

1  h.  6  m. 

.... 

none  seen 

13  m.-f 

... 

0 

0 



0 

0 

... 

45  m. 

28  m. 

«  1  h.) 

1  h.  3  m.-f 

«  3.5  h.) 

.... 

none  seen 

13  m.-f 

... 

3  h.  47  m. 

.... 

27  m.-f 
(<  3f  h.) 

13  m.+ 

... 

23  m. 
23  m. 

8  m. 
«  19  m.) 

55  m. 

.... 

12.5  m. 

12.5  m. 
(<  24  m.) 

<  3.5  m. 

<  3.5  m. 

... 

7m. 

2.5  m. 



none  seen 

.... 

<  Jm,    -» 

<  i  m. 

.... 

<  i  m. 

above  salts  show  wide  differences  in  their  action  on  colloids,  that 
the  means  by  which  this  increase  is  produced  is  of  secondary 
importance. 

The  case  with  which  an  irritable  tissue  is  stimulated  indicates 
that  the  normal  resting  condition  of  th'e  plasma  membrane  is  an 
unstable  one  and  very  readily  altered  in  the  direction  of  increased 
permeability.    A  variety  of  extemal  changes  of  condition  may  thus 
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act  as  stimuli.  To  the  resting  state  a  certain  definite  state  of  aggre- 
gation  of  the  colloids  must  be  supposed  to  correspond;  alteration 
of  this  state,  if  carried  sufficiently  far  in  the  direction  either  of 
coagulation  or  of  increased  dispersion,  should  therefore  increase 
permeability  and  cause  stimulation.  Either  acid  or  alkali  ought 
thus  to  stimulate  under  appropriate  conditions,  although  hydrogen 
and  hydroxyl  ions  have  in  general  opposite  action  on  the  aggrega- 
tion  state  of  colloids.  The  action  of  these  electrolytes  on  larv-ge 
from  sugar  soIutions  has  therefore  been  studied  in  some  detail. 

Action  of  acid  and  alkali.  —  In  the  f ollowing  experiments  the 
larvae,  after  a  stay  of  known  duration  in  pure  ^n-dextrose  solution, 
were  transferred  to  w-dextrose  containing  acid  (H2SO4,  HCl, 
HCOOCH3)  and  alkali  (NaOH)  in  the  concentrations- named. 

The  following  table  gives  the  record  of  a  typical  series  of  ex- 
periments with  hydrochloric  acid. 

TABLE  V. 

June  15, 1908.  —  Larvae  were  transferred  from  sea  water  to  f»-dextrose  solution  at  2.50 
p.  M.  ;  this  solution  was  changed  for  fresh  at  3.10.  '  Thence  they  were  brought  at  the  times 
indicated  into  the  following  series  of  m-dextrose  solutions  containing  hydrochloric  acid 
in  the  concentrations  named.    The  results  were  as  follows: 

1.  n/400  HCl.    3.16.    Larvae  shorten  markedly  and  show  slight  contractions  for  the  first 

few  seconds;  no  further  movement  is  seen.  Cilia  cease  at  once.  Larvae  remain  per- 
manently  shortened  and  stick  to  the  glass. 

2.  n/800  HCl.    3.18.    The  action  is  like  that  of  Solution  1.    Ciliary  movement  lasts  for 

a  few  seconds  only. 

3.  «/1600  HCl.    3.21.    Both  ciliary  and  muscular  movements  last  longer  than  in  Solutions 

1  and  2,  but  cease  within  two  minutes.    Larvae  remain  shortened  and  stick  to  the  glass. 

4.  n/3200HCl.   3.24.    Muscular  contractions  begin  after  a  latentintervalof  some  seconds; 

they  are  well  marked  and  typical  and  last  several  minutes;  in  a  few  larvae  cilia  also 
remain  active  after  five  minutes.  The  permanent  shortening  and  adhesion  to  glass 
are  less  than  in  Solution  3. 

5.  »/6400  HCl.    3.30.5.    Ciliary  movement  continues.    Larvae  shorten  somewhat  at  first, 

but  definite  muscular  movements  do  not  appear  for  almost  a  minute;  contractions  are 
then  well  marked  and  continue  for  some  time;  a  few  slight  movements  are  seen  at 
3.39.  At  4.11  a  trace  of  ciliary  movement  remains,  but  no  muscular.  There  is  slight 
permanent  contraction. 

6.  n/12800  HCl.    3.39.    Practically  no  muscular  movement  is  seen  till  3.40,  when  well- 

marked  contractions  begin  and  last  some  time;  at  4.12  there  are  stili  contractions  at 
intervals.  No  definite  contractions  are  seen  at  4.23  or  afterwards.  A  little  ciliary 
movement  remains  at  4.50. 

7.  n/25600  HCl.    3.44.    Cilia  continue  actively,  but  no  muscular  contractions  are  seen  for 

about  two  minutes,  when  feeble  movements  of  the  setae  begin;  at  3.47  contractions 
are  well  marked  though  feeble.  Slight  contractions  continue  at  intervals  for  about 
forty  minutes.    A  few  cilia  remain  active  after  one  hour. 


Digitized  by 


Google 


/▼ 


The  Relation  of  lons  to  Contractile  Processes.      477 

A  repetition  of  the  above  series  gave  essentially  the  same  results. 
Similar  series  of  experiments  were  performed  with  H2SO4  (con- 
centrations  ranging  from  n/50  to  n/25600)  and  with  acetic  acid 
(^three  series  with  concentrations  as  above  from  n/400  to  w/25600). 

It  is  evident  that  there  is  a  well-marked  though  temporary  return 
of  irritability  and  normal  contraction  under  the  influence  of  acid. 
In  the  stronger  solutions  (n/400  —  w/i6oo)  the  contractions  are 
immediate,  but  irritability  is  soon  destroyed.  In  the  weaker  solu- 
tions they  appear  more  gradually,  are  more  nearly  normal  in  char- 
acter,  and  last  longer. 

One  uniform  effect,  found  in  ali  of  the  solutions  of  the  above 
series  (except  the  most  dilute),  is  a  permanent  shortening  or  in- 
crease  of  muscular  tone  in  the  acid  solutions.  This  tonic  contrac- 
tion occurs  at  once  as  soon  as  the  larvae  are  brought  into  the  solu- 
tion, although  definite  contractions  of  the  bending  and  squirming 
type  may  not  appear  for  an  interval  (Solutions  5  and  6  above). 
To  show  the  extent  of  this  shortening  and  its  variation  in  solutions 
of  dififerent  acid  content,  measurements  with  the  ocular  micrometer 
were  made  of  the  larvae  after  about  forty-five  minutes  in  the  several 
solutions  of  the  above  series.  Arenicola  larvae  at  the  swarming 
stage  are  of  very  uniform  size  (about  0.3  to  0.32  mm.),  the  extremes 
varying  from  the  average  by  not  more  than  io  per  cent,  while  the 
great  majority  show  a  much  smaller  range  of  variation.  The  larvae 
measured  were  selected  at  random  from  the  large  number  con- 
tained  in  each  watch-glass.     (See  Table  VI.) 

The  degree  of  tonic  shortening  thus  shows  a  definite  relation  to 
the  concentration  of  the  acid.  It  is  pronounced  in  the  higher  con- 
centrations, and  is  distinct  in  the  strong  acid  down  to  n/6400  and  in 
the  weak  to  «/3200.  If,  as  the  present  theory  assumes,  the  plasma 
membrane  is  permeable  to  hydrogen  ions,  it  is  clear  that  increasing 
the  hydrogen  ion  concentration  in  the  outer  medium  must  bave  the 
eflfect  of  increasing  it  also  within  the  celi;  the  inference  therefore 
seems  justified  that  the  degree  of  shortening  is  a  function  of  the 
hydrogen  ion  concentration  within  the  muscle  celi.  If  the  conditions 
of  shortening  in  acid  solutions  are  similar  to  those  of  normal  con- 
traction, the  general  view  which  ascribes  shortening  in  the  latter 
process  to  increased  hydrogen  ion  concentration  within  the  con- 
tractile elements  receives  confirmation. 

In  the  interpretation  of  the  above  stimulating  action  of  acid  the 
existence  of  several  independently  varying  factors  must  be  recog- 
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nized.  It  has  already  been  pointed  out  that  there  is  a  certain  delay 
in  the  appearance  of  active  contractions  in  the  more  dilute  solutions 
(from  n/3200  HCl  on)  ;  the  increase  in  tonic  contraction  is  immedi- 
ate, but  the  definite  bending  or  squirming  movements  do  not  appear 
until  after  a  certain  interval  or  latent  period,  which  is  the  more  pro- 
longed  the  weaker  the  acid  solution.     A  consistent  explanation  of 

TABLE  VI. 

The  measurements  give  the  average  length  of  the  larvae  in  millimetres  after  about  forty- 

five  minutes  in  the  solution. 

1.  n/400  HCl.    lArvae  are  coagulated,  and  distintegration  has  begun. 

2.  n/800  HCl.    The  same. 

3.  n/1600  HCl.      0.27  mm.    (average  of  16  larvae). 

4.  w/3200  HCl.      0.272  mm.  (average  of  17). 

5.  »/6400  HCl.      0.295  mm.  (average  of  20). 

6.  «/12800  HCl.    0.306  mm.  (average  of  21). 

7.  «/25600  HCl.    0.307  mm.  (ayerage  of  20). 

The  control  larvae,  in  neutral  dextrose  solution  for  about  an  hour,  showed  an  average 
length  of  0.318  mm.  (average  of  20).  Similar  measurements  with  the  acetic  acid 
solutions  showed  a  similar  result.  The  measurements  for  two  series  (A  and  B)  are 
given.    The  number  of  measurements  in  each  case  is  given  in  brackets. 

Series  A»  Series  B  • 

1.  n/200  HCOOCH,.  0.254  mm.  (4)  

2.  »/400  HCOOCH,.  0.246  mm.  (5)  0.243  mm.  (4). 

3.  n/800  HCOOCH,.  0.257  mm.  (5)  0.247  mm.  (6) 

4.  «/1600  HCOOCH,.  0.28  mm.  (5)  0.265  mm.  (7). 

5.  «/3200  HCOOCH,.  0.291  mm.  (6)  0.278  mm.  (8). 

6.  n/MOO  HCOOCH,.  0.313  mm.  (9)  0.282  mm.  (7). 

7.  «/12800  HCOOCH,  0.311  mm.  (11)  0.288  mm.  (13) 

8.  «/25600  HCOOCH,  0.30  mm.  (12)  0.288  mm.  (10). 
^  Control,  in  neutral  sugar  solution,  0.3  mm.  (14). 

"  Control  (neutral  w-dextrose),  0.286  mm.  (14).  Larvae  are  younger  and  somewhat 
shorter  than  in  Series  A. 

these  phenomena  may  be  based  on  the  membrane  theory  as  f  ollows  : 
Since  the  plasma  membrane  is  readily  permeable  to  hydrogen  ions, 
increase  in  the  external  concentration  of  these  latter  must  at  once 
bave  a  depolarizing  influence;^®  hence  the  internai  concentration 
of  hydrogen  ions  undergoes  an  immediate  and  corresponding  rise, 
producing  increase  of  muscular  tone.  The  acid  at  the  same  time 
affects,  by  its  coagulative  action,  the  coUoids  of  the  membrane,  and 

*•  The  state  of  physiological  polarìzation  (outer  surface  of  celi  positive)  is  assumed 
to  be  due  to  a  partial  separation  of  hydrogen  ions  from  the  corresponding  anions  at  the 
membrane  on  account  of  the  latter's  impermeability  to  anions. 
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gradually  increases  the  latter's  permeability  ;  when  this  has  been 
increased  to  a  certain  criticai  degree,  stimulation  foUows;  this 
effect  will  naturally  be  the  more  rapid  the  more  concentrated  the 
solution  of  acid.  During  a  certain  period  after  the  permeability 
has  reached  a  favorable  condition  for  stimulation  irritability  will 
remain  ;  but  with  the  progressive  alteration  of  the  membrane  con- 
ditions  become  less  favorable,  and  eventually  irritability  is  lost,  pre- 
sumably  when  the  permeability  has  been  increased  beyond  a  certain 
criticai  degree  ;  this  stage  will  naturally  be  reached  more  gradually 
in  the  less  concentrated  solutions,  hence  contractions  last  longer  in 
these. 

Action  of  aikaii.  —  The  action  of  slightly  alkaline  dextrose  solu- 
tions is  different  from  that  of  acid  and  is  also  highly  characteristic. 
Little  or  no  evident  action  is  seen  in  solutions  of  n/ioo  NaOH  and 
weaker.  In  higher  concentrations  (n/25,  n/50  NaOH)  the  most 
conspicuous  immediate  effect  is  a  distinct  straightening  and  elonga- 
tion  of  the  larvai  body  due  apparently  to  decrease  of  the  normal  mus- 
cular  tone,  and  accompanied  by  somewhat  slight  bending  movements 
which  last  intermittently  for  ten  to  twenty  minutes.  In  n/50  NaOH 
the  elongation  is  less  and  the  contractions  are  slighter  than  in  n/25  ; 
and  in  w/ioo,  «/200,  and  M/400  NaOH  contractions  are  either  very 
weak  or  entirely  absent,  and  elongation  is  inconspicuous.  Ciliary 
movement  is  arrested  within  ten  minutes  in  «/25  NaOH  ;  in  lower 
concentrations  little  effect  is  seen.  The  following  measurements 
of  larvae,  taken  within  ten  to  fifteen  minutes  after  transfer  from 
neutral  to  alkaline  dextrose  solutions,  will  illustrate  the  character- 
istic change  in  muscular  tone. 

1.  n/25  NaOH  0.323  mm.  (average  of  32  larvae). 

2.  «/50  NaOH  0,311  mm.  (average  of  37  larvae). 

3.  w/ioo  NaOH  0.317  mm.  (average  of  30  larvae). 

In  neutral  m-dextrose  the  average  of  22  larvae  was  0.31  mm.  There  is  thus 
an  average  increase  in  length  of  about  4  to  5  per  cent  in  n/25  NaOH.  In 
certain  individuals  the  elongation  is  decidedly  more  pronounced  than  this. 

Alkali  thus  has  relatively  slight  stimulating  action  as  compared 
with  acid,  and  in  the  higher  concentrations  used  above  induces 
distinct  lengthening.  The  effect  appears  contrary  in  its  general 
nature  to  that  of  acid,  and  suggests  that  the  hydroxyl  ions  alter  per- 
meability in  the  inverse  sense.     Decreased  permeability,  as  I  bave 
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indicated  in  the  preceding  paper,  is  a  condition  of  inhìbition  ;  and 
inhibition  is  known  to  be  associated  with  decrease  of  tone  in  the 
cardiac  and  skeletal  muscle  of  vertebrates.  The  slight  muscular 
bendings  shown  by  Arenicola  larvse  in  the  stronger  solutions  may 
be  supposed  to  result  from  inequalities  in  the  action  of  the  alkali 
at  different  regions  of  the  muscle  cells.  It  is  noteworthy  that  in 
m/2  MgClg,  which  almost  certainly  decreases  permeability  in  these 
larvae,  the  animals  tend-  to  remain  straight  and  extended,  though 
without  undergoing  noticeable  elongation.  I  have  not  yet  made 
comparative  measurements  of  the  length  of  larvse  in  magnesium 
chioride  and  other  anaesthetizing  media.  It  may  be  that  this  effect 
is  peculiar  to  Arenicola  larvae  and  not  of  any  general  significance, 
since  slight  alkalinization  of  the  medium  is  usually  observed  to 
favor  rather  than  to  inhibit  muscular  contraction  —  in  vertebrate 
muscle  at  least.  Bethe,  however,  has  found  weak  alkalinization  of 
the  sea  water  to  check,  and  weak  acidulation  to  stimulate,  the 
rhythmical  contractions  of  the  medusa  Rhizostoma,^®  These  con- 
ditions  show  a  certain  resemblance  to  those  above  described.  Fur- 
ther  comparative  observations  are  needed  on  the  action  of  dilute 
acid  and  alkali  on  contractile  tissues. 

IL    Restoration  of  Contr action  after  Treatment  with 
IsoTONic  Magnesium  Chloride  Solution. 

In  m/2  MgCl2  solutions  muscular  contraction  is  rapidly  and  com- 
pletely  lost,  and  the  larvae  remain  extended,  rigid,  and  non-contractile 
during  their  stay  in  the  solution.  The  loss  of  muscular  contractility 
is  more  rapid  than  in  isotonic  sugar  solutions  ;  within  a  minute  con- 
tractions are  always  found  to  have  completely  ceased;  the  cilia, 
however,  continue  their  activity  at  a  diminished  rate,  and  the  larvae 
are  slowly  propelled  through  the  solution  and  collect  at  the  bottom 
in  the  typical  groups  or  clumps. 

Recovery  of  contractions  occurs,  as  with  larvae  from  sugar  solu-  . 
tions,  on  transfer  to  appropriate  salt  solutions.     This  recovery  is 
prompt  and  complete  in  sea  water,  and  in  sodium  chloride  solutions 
containing  a  little  calcium.    In  pure  solutions  of  sodium  salts,  how- 
ever, only  few  and  comparati vely  slight  contractions  appear  ;  ^  m/2 

"  Bethe:  Archiv  fUr  die  gesammte  Physiologie,  1909,  cxxvii,  p.  219. 
*  The  addition  of  a  trace  of  calcium  chloride  makes  a  surprising  difference  (see 
below,  p.  485).    In  the  experiments  cited  in  a  former  paper  where  pure  sodium 
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sodium  chloride  of ten  produces  no  apparent  effect  after  m/2  MgCl2 

—  a  striking  difference  f rom  its  action  after  sugar  solution.  Simi- 
larly  m/2  potassium  chloride  produces  much  less  energetic  contrac- 
tions  after  magnesium  chloride  than  after  sugar  (e/,  p.  483). 

It  is  thus  evident  that  a  given  solution,  e,  g.,  m/2  NaCl,  varies  in 
its  action  on  the  contractile  tissues  according  to  the  medium  to 
which  they  were  previously  exposed.  Larvae  brought  from  sea 
water  to  pure  sodium  chloride  solution  contract  strongly  and  lose 
pigment;  transfer  to  the  same  solution  from  Wrdextrose  produces 
decidedly  less  energetic  contractions  ;  and  after  m/2  magnesium 
chloride  little  or  no  movement  results.  These  facts  indicate  that  the 
degree  of  impermeability  resulting  from  the  action  of  magnesium 
chloride  is  greater  than  that  produced  by  sugar  solution  ;  hence  the 
increase  of  permeability  requisite  for  stimulation  is  less  readily 
induced  after  treatment  with  this  salt.  The  state  of  irritability  of 
larvae  kept  in  the  above  three  media  thus  decreases  in  the  order: 
sea  water  >  sugar  solution  >  magnesium  chloride  solution.  The 
immediate  toxic  action  of  a  given  salt  on  larvae  from  these  media 

—  as  shown,  for  instance,  in  the  destruction  of  cilia  —  also  shows 
this  order  of  decrease. 

Action  of  pure  soiutions  of  sodium  salta.  —  Apart  f rom  this  differ- 
ence in  the  intensity  of  the  immediate  stimulating  effect,  the  action 
of  sodium  salts  is  essentially  similar  to  that  described  above  for 
larvae  from  sugar  solution,  and  similar  differences  of  action  between 
different  salts  are  seen.  The  following  series  of  experiments  will 
illustrate  : 

TABLE  VII. 

June  SSf  1908.  —  In  each  experiment  larvae  were  transferred  from  sea  water  to  m/2 
MgCIj,  where  they  remained  exactly  severi  minutes;  thence  they  were  transferred  to  the 
solution  of  the  experiment.  In  each  case  the  time  of  placing  in  the  m/2  MgCIj  is  indicated 
in  parenthescs. 

1.  m/2  NaCl  (10.10  to  m/2  MgCl,),  10.17.    No  muscular  contractions  are  seen.    Cilia 

remain  active  for  some  hours  (influence  of  the  previous  exposure  to  MgClj). 

2.  m/2  NaBr  (10.15  to  m/2  MgCl,),  10.22.    A  few  slight  contractions  are  seen  at  first; 

no  contractions  are  seen  at  10.23,  10.26,  and  10.36.    Cilia  remain  active. 

3.  m/2  NaI  (10.20  to  m/2  MgCl,),  10.27.    No  contractions  are  seen  at  first;   within  ten 

to  fiftcen  minutes  well-marked  contractions  appear  at  intervals  in  most  larvae.    Cilia 
remain  active  after  four  hours. 

chloride  soiutions  are  described  as  produdng  well-marked  contractions  in  larvae  from 
m/2  MgCl2,  a  little  calcium  seems  to  have  been  present  in  the  salts  used.  Kahl- 
baxjm's  sodium  and  magnesium  chlorides  appear  to  be  practically  free  from  this 
element. 
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4.  m/2  NaNO,  (10.25  to  m/2  MgClj),  10.32.    Slight  contractions  appear  in  a  few  within 

two  minutes.    No  contractions  are  seen  later.    Cilia  remain  active. 

5.  m/2  NaCOOCH,  (10.30  to  m/2  MgCl,),  10.37.    No  muscular  contractions  are  seen. 

Cilia  remain  active  for  hours. 

6.  m/2  NaClOj  (10.35  to  m/2  MgCl,),  10.42.    Almost  no  contraction  results;  one  or  two 

slight  movements  are  seen  at  first.    Cilia  remain  active. 

7.  m/2  Na2S04  (10.40  to  m/2  MgCl,),  10.47.    A  few  slight  contractions  are  seen  at  10.51- 

Cilia  cease  sooner  than  in  the  above  solutions;  bave  laigely  ceased  within  an  hour. 

8.  m/2  NajC^H^Oa  (10.45  to  m/2  MgCla),  10.52.    Contractions  appear  in  a  fair  proportìon 

of  larvs  within  two  to  three  minutes.     Cilia  cease  comparatively  soon,  as  in  Na,S04. 

9.  m/2  NajHPO^  (10.50  to  m/2  MgCl,),  10.57.    Well-marked  contractions  appear  in  a 

good  proportìon  of  larvae;  effect  greater  than  in  any  of  the  preceding  solutions.    Cilia 
cease  comparatively  soon  (about  one  hour). 

10.  m/2  Na,  citrate  (10.55  to  m/2  MgCl,),  11.02.    No  contractions  are  seen.    Cilia  cease 

in  less  than  twenty  minutes. 

In  a  second  precisely  similar  series,  with  four  minutes'  exposure 
to  m/2  MgClg,  essentially  the  same  effects  were  seen,  although  the 
differences  between  the  individuai  salts  were  somewhat  less  distinct. 
Return  of  contractions  in  pure  solutions  of  sodium  salts  is  thu^,  in 
general,  relatively  slight  as  compared  with  that  seen  after  sugar 
solutions.  The  salts  show  similar  though  less  decided  differences 
in  the  intensity  of  their  stimulating  action.  The  following  is  the 
order  of  increasing  intensity  of  action  for  the  monovalent  anions  : 
COOCH3  and  CI  <  NO3,  CIO3  and  Br  <  I.  Tartrate  and  sulphate 
cause  slight,  and  phosphate  well-marked,  return  of  contractions; 
possibly  their  action  as  precipitants  of  calcium  is  a  factor  in  the 
effect,  —  this,  however,  I  have  not  definitely  determined  as  yet. 
The  differences  in  toxicity  show  corresponding  relations,  as  shown 
by  the  following  experiments  :  After  about  four  hours  in  the  above 
solutions  a  number  of  larvse  were  transferred  from  each  solution 
to  fresh  sea  water.  There  was  distinct  recovery  of  contractility  in 
those  from  acetate  and  sulphate,  and  to  a  less  degree  from  tartrate, 
but  not  from  the  others.  In  a  third  series  in  which  larvse,  after  a 
variable  exposure  to  magnesium  chloride,  were  brought  into  m/2 
solutions  of  NaCl,  NaBr,  NaI,  NaNOg,  Na2S04  and  Na-citrate,  a 
similar  result  appeared:  on  transfer  to  sea  water,  after  about  two 
and  a  half  hours  in  these  solutions,  well-marked  and  vigorous  con- 
tractions retumed  in  the  larvse  from  chloride  and  sulphate,  but  from 
no  others.  Tartrate,  sulphate,  acetate,  and  chloride  belong  to  those 
anions  whose  action  on  colloids,  according  to  Hofmeister  and  Pauli, 
is  relatively  slight  ;  the  salts  with  anions  of  more  pronounced  action 
—  Br,  NO3,  CIO3,  I  —  exceed  the  others  both  in  immediate  stimu- 
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lating  power  and  in  toxicity.  The  basis  of  these  characteristic  dif- 
ferences  in  action  has  been  discussed  above  (p.  466  seq.)  ;  in  the 
present  experiments  the  plasma  membrane,  having  been  rendered 
relatively  impermeable  by  the  action  of  the  magnesium,  apparently 
does  not  undergo  such  prompt  and  ready  alteration  of  permeability 
as  before,  hence  the  stimulating  effect  is  less  marked  and  the  differ- 
ences  between  the  salts  appear  less  sharply  defined. 

Action  of  pure  solutions  of  alkali  and  alkali  earth  chlorides.  —  Pure 
isotonic  solutions  of  the  other  alkali  chlorides,  with  the  exception 
of  potassium  (and  possibly  rubidium,  which  I  bave  not  yet  tried), 
also  produce  little  if  any  contraction  in  larvae  from  magnesium 
chloride.  Even  potassium  chloride  causes  only  slight  contractions. 
Calcium  and  strontium  chlorides,  on  the  other  band,  bave  well- 
marked  action.    The  f  ollowing  series  of  experiments  will  illustrate  : 

TABLE  Vili. 

June  SS,  1908.  —  In  this  series  the  larvae  remained  in  m/2  MgCl,  for  five  minutes, 
thence  were  transferred  to  the  respective  solutions. 

1.  m/2  KCl  (10.52  to  m/2  MgCl,),  10.57.    Slight  muscular  contractions  appear,  lasting 

for  about  a  minute.    Cilia  continue  actively. 

2.  m/2  NH^Cl  (11.01  to  m/2  MgCl,),  1106.    No  contractions  are  seen.    Cilia  have  ceased 

by  11.47. 

3.  m/2  Liei  (11.09  to  m/2  MgCl,),  11.14.    No  contractions  are  seen.    Cilia  remain  slowly 

active  at  11.47. 

4.  m/2  NaCl  (11.17  to  m/2  MgCl,),  11.22.    No  contractions  are  seen.    Cilia  remain  slowly 

active  at  11.50. 

5.  m/2  CaCl,  (11.30  to  m/2  MgCl,),  11.35.    Well-marked  contractions  appear  at  once, 

which  continue  slowly  at  11.52.    Cilia  remain  active  in  a  fair  proportion  of  larvae  at 
11.52. 

6.  m/2  SrCl,  (11.38  to  m/2  MgCl,),  11.43.    Vigorous  initial  shortening  results,  followed 

by  slight  contractions  which  diminish  and  cease  in  about  ten  minutes.    Cilia  cease 
within  ten  minutes. 
A  second  similar  series  with  variable  and  longer  exposure  to  m/2  MgCl,  yielded  a  practi- 
cally  identical  result. 

The  susceptibility  to  stimulation  by  pure  solutions  of  alkali  chlo- 
rides has  thus  been  greatly  diminished  as  compared  with  that  seen 
after  sugar  solutions.  Since  the  typical  strong  initial  contraction 
with  its  associated  loss  of  pig^ent  is  absent  in  these  solutions  after 
the  treatment  with  magnesium  chloride,  it  is  evident  that  the  latter 
salt  has  increased  the  resistance  to  the  change  of  permeability  which 
the  alkali  chlorides  normally  induce.  That  this  is  the  case  is  also 
shown  by  the. marked  decrease  in  the  toxic  action  of  these  salts 
resulting  from  brief  exposure  to  maernesium  chloride  solutions 
(see  below,  pp.  489-490). 
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On  the  other  band,  the  contractions  produced  by  the  alkali  eartb 
cblorides  do  not  appear  to  be  decreased  by  previous  treatment  with 
magnesium  chloride.  Calcium  chloride  in  w/2  solution  produces 
little  or  no  immediate  contraction  in  larvae  f  rom  sea  water  ;  ^^  but  in 
larvae  from  magnesium  chloride  solutions  well-marked  contractions 
at  once  appear,  as  described  in  Table  Vili.  Calcium  appears  thus 
to  antagonize  the  action  of  magnesium;  the  striking  effects  pro- 
duced by  the  addition  of  a  little  calcium  to  solutions  of  sodium  and 
lithium  chlorides  (see  below,  p.  485)  are  no  doubt  due  partly  to 
this  as  well  as  to  a  simple  antitoxic  action.  Strpntium  has  a  some- 
what  similar  action  to  calcium,  but  is  decidedly  more  toxic.  Why 
calcium  should  bave  this  antagonistic  action  to  magnesium  remains 
unexplained  at  present.  The  physiological  contrast  between  these 
metals  appears  to  be  widespread,  especially  in  relation  to  muscular 
contraction  (reviving  action  of  calcium  on  the  heart  beat,  etc). 

Action  of  acid  and  alkali  in  low  concentrations.  — After  treatment 
with  magnesium  chloride  larvae  are  also  much  less  readily  affected 
by  acid  and  alkali  than  after  sugar  solutions.  Thus,  in  one  series 
of  experiments  larvae  were  transferred  from  m/2  MgCl2  to  a  series 
of  w-dextrose  solutions  containing  hydrochloric  acid  in  the  con- 
centrations n/200,  n/400,  n/800,  n/i6oo,  n/3200,  and  «/6400; 
in  no  solution  was  any  contraction  seen.^^  A  similar  negative  re- 
sult  appeared  in  solutions  of  sodium  hydrate  (concentrations  from 
M/25  to  n/i6oo).  Experiments  were  also  tried  with  pure  w/2 
sodium  chloride  solutions,  plus  HCl  and  NaOH  from  n/200  to 
w/6400  as  before.  In  this  case  the  action  of  the  acid  is  added  to 
that  of  the  salt  (which  has  a  slight  action,  as  already  seen),  and 
some  -effect  was  seen;  slight  contractions  appeared  in  acid  of 
w/1600  to  «/6400  concentration  ;  alkali,  on  the  contrary,  had  little 
or  no  demonstrable  effect,  even  in  the  higher  concentrations.  These 
results  resemble  those  found  after  dextrose  solutions  (cf,  p.  476), 
where  also  acid  produces  contractions  (more  vigorous  than  after 
magnesium  chloride),  while  alkali  has  no  such  action  except  in  rela- 
tively  high  concentrations  (n/25  and  n/50).  On  the  present  inter- 
pretation  acid  in  those  concentrations  would  appear  to  increase,  and 
alkali  to  decrease,  permeability;  this  inference  is  confirmed  by  the 
contrast  in  the  toxic  effects  of  the  two  sets  of  solutions.  Thus 
larvae,  after  one  and  a  half  hours  in  a  series  of  six  solutions  of 

'^  Cf.  the  preceding  paper;  also  below,  p.  487. 

^  Acid  in   m/2   MgCh  solutions  (HCl  n/ioo   to  n/3200)  also  produces  no 
contractions. 
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m/2  NaCl  +  HCl  (between  n/200  and  «/6400,  as  above),  were 
brought  into  f  resh  sea  water  ;  no  contractions  resulted  ;  the  animals 
had  an  opaque  coagulated  appearance  and  were  evidently  dead.  On 
the  contrary,  larvae  from  the  corresponding  alkaline  soIutions  re- 
covered  and  showed  vigorous  contractions  in  ali  cases  except  in 
n/200  and  M/400  NaOH.  Alkali  and  acid  in  low  concentrations 
thus  appear  to  have  opposite  influences  on  the  permeability  of  the 
plasma  membrane  in  these  organisms  (see  above,  p.  479). 

Action  of  mlxtnres  of  two  salta.  —  Addition  of  a  little  potassium 
chloride  to  a  pure  m/2  sodium  chloride  solution  appears  somewhat 
favorable  to  the  production  of  contractions  in  larvae  from  mag- 
nesium  chloride  solutions.  In  a  series  of  six  solutions  in  which  KCl 
was  added  to  m/2  NaCl  in  the  proportions  w/50,  m/ioo,  m/200, 
m/400,  m/800,  and  w/1600,  slight  contractions  appeared  in  every 
case.  These  effects,  however,  were  not  decidedly  different  from 
those  found  with  pure  m/2  NaCl  in  which  occasionally  slight  con- 
tractions are  seen,  especially  if  the  previous  stay  in  the  m/2  MgCl2 
has  been  brief . 

On  the  other  band,  the  effects  following  the  addition  of  a  little 
calcium  chloride  to  pure  sodium  chloride  solutions  are  most  pro- 
nounced  and  highly  characteristic.  The  importance  of  calcium  to 
muscular  contractions,  and  its  power  of  counteracting  the  anaes- 
thetic  action  of  magnesium,  are  clearly  shown  by  the  following 
experiments  : 

June  27,  1908.  —  Larvae  after  complete  loss  of  muscular  contractility  in 
m/2  MgClj  were  transferred  to  the  following  solutions:  (i)  fn/2  NaCl, 
and  (2-1 1)  a  series  of  ten  solutions  of  (about)  m/2  NaCl  containing  CaCl, 
in  concentrations  ranging  from  m/50  (24  volumes  m/2  NaCl  +  i  volume 
m/2  CaClj),  m/ioo,  m/200,  etc,  in  regular  series  to  m/51200.  In  pure 
m/2  NaCl  no  contractions  were  seen;  in  solutions  containing  CaCl^  in 
concentrations  from  m/50  to  m/Soo  vigorous  squirming  and  bending 
movements  began  instantly,  and  slight  contractions  remained  for  three  or 
more  hours.  In  the  other  solutions  similar  eflfects  were  seen,  the  contrac- 
tions growing  progressìvely  less  pronounced  as  the  cdcium  content 
diminished;  in  m/6400  and  m/12800  CaCLj  there  was  a  certain  delay  in 
the  appearance  of  the  contractions,  and  these  were  comparatively  slight  ; 
while  in  m/25600  CaClj  only  a  few  contractions  were  seen,  and  in 
m/51200  CaClj  practically  none. 

The  favorable  influence  of  the  calcium  chloride  is  thus  distinctly 
perceptible  in  concentrations  so  low  as  iw/25600.    Strontium  chloride 
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has  a  somewhat  similar  though  less  favorable  action  :  a  series  of  ex- 
periments  with  m/2  NaCI  containing  SrCl2  in  concentrations  from 
m/50  to  m/3200  showed  vigorous  contractions  in  ali  for  some 
minutes  after  the  transfer  from  m/2  MgClg,  and  slower  movements 
continued  for  some  time  (about  one  hour)  afterwards.  In  similar 
experiments  with  sodium  and  barium  chlorides  the  antitoxic  action 
was  obscured  by  the  marked  toxicity  of  the  latter  salt;  in  ali  the 
Solutions  —  relatively  gradually  in  m/i6oo  and  m/3200  BaCl2  — 
the  larvae  slowly  underwent  permanent  shortening  and  ali  movement 
ceased  within  a  few  minutes  ;  there  were  no  active  bending  contrac- 
tions as  with  calcium  or  strontium.  Barium  thus  shows  in  its  physi- 
ological  action  a  decided  contrast  to  calcium  and  strontium. 

Transfer  from  m/2  MgCl2  to  mixtures  of  lithium  and  calcium 
chlorides  (CaClg  from  m/io  to  m/i6o,  and  from  m/50  to  m/8oo) 
is  also  foUowed  by  well-marked  contractions,  more  sluggish  than  in 
the  corresponding  sodium  chloride  solutions  and  ceasing  sooner. 
No  contractions  appear  in  pure  m/2  lithium  chloride.  The  opti- 
mum concentration  of  calcium  appears  higher  with  lithium  than 
with  sodium  chloride;  contractions  lasted  longest  in  a  mixture  of 
four  volumes  m/2  LÌCI2  +  one  volume  m/2  CaCl2,  where  a  few 
contractions  remained  after  more  than  an  hour.  Contractions  tend 
to  be  sluggish  in  lithium  solutions,  and  to  cease  soon,  even  in  the 
presence  of  a  favorable  proportion  of  calcium;  lithium  is  thus  at 
best  an  imperfect  substitute  for  sodium. 

Addition  of  calcium  to  pure  solutions  of  potassium  chloride  does 
not  counteract  the  toxicity  of  the  latter  salt,  but  the  contractions 
which  foUow  the  transfer  from  magnesium  chloride  are  decidedly 
more  vigorous  and  last  distinctly  longer  (three  to  four  minutes) 
than  in  the  pure  m/2  KCl.  The  specific  action  of  the  calcium  is  thus 
apparent,  although  even  in  its  presence  the  potassium  quickly  de- 
stroys  ali  muscular  contractility.  In  the  experiments  thus  summar- 
ized  CaCl2  was  added  to  m/2  KCl  in  the  concentrations  m/50, 
m/ioo,  etc,  to  m/ióoo,  and,  in  another  series,  m/400,  m/600, 
m/8oo,  m/1200,  m/1600,  and  m/2100. 


IH.    Mode  of  Action  of  Different  Pure  Salt  Solutions. 

In  my  preceding  paper  attentlon  was  directed  to  the  contrast  be- 
tween  the  immediate  action  of  pure  solutions  of  alkali  chlorides  on 
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the  one  band,  and  of  magnesium  and  calcium  chlorides  on  the  other. 
Larvae  transfer red  from  sea  water  to  the  former  group  of  solutions 
undergo  instant  shortening  with  loss  of  pigment,  foUowed  by  re- 
laxation  and  cessation  of  movement;  while  in  magnesium  and 
calcium  chloride  solutions  the  contractions  cease  by  degrees,  with- 
out  muscular  shortening  and  without  loss  of  pigment.  On  re- 
transfer  to  sea  water  after  more  or  less  prolonged  stay  in  the 
respective  solutions  contractions  are  found  to  return  gradually  and 
imperfectly  in  the  case  of  the  former  group  of  saits,  and  promptly 
and  completely  in  the  latter. 

This  contrast  between  the  two  groups  of  salts  is  to  be  referred 
to  the  difference  in  their  immediate  influence  on  the  permeability 
of  the  plasma  membrane.  Marked  and  prolonged  increase  of  per- 
meability involves  toxic  action,  since  one  of  its  consequences  must 
be  a  partial  disorganization  of  the  celi  through  loss  of  essential 
constituents.  Decreased  permeability,  on  the  other  band,  simply 
arrests  stimulation  and  its  associated  metabolic  processes  by  retard- 
ing  or  preventing  the  escape  of  metabolic  products,  especially  car- 
bon  dioxide.  Arrest  of  activity  in  a  living  celi  can  thus  be  induced 
by  two  essentially  opposite  means,^^  —  one  injurious,  the  other  not. 

This  difference  of  action  is  further  indicated  by  the  following 
experiments.  To  confirm  the  view  that  the  toxic  action  of  the  first 
group  of  salts  is  not  due  primarily  to  their  entrance  into  the  interior 
of  the  celi,  but  to  an  alteration  of  surface  permeability,  the  follow- 
ing experiments  were  performed.  Larvae  were  trans ferred  to  pure 
m/2  LiCl,  KCl,  and  NaCl  ( i)  directly  from  sea  water,  and  (2)  from 
magnesium  chloride  solution  in  which  they  had  remained  for  sev- 
eral  minutes.  After  a  certain  stay  in  the  alkali  chloride  solution 
they  were  brought  again  into  sea  water.  The  alkali  chlorides,  as 
already  seen,  bave  little  immediate  action  on  magnesium  chloride 
larvae;  i.  e.,  on  the  present  view,  the  permeability  remains,  for  some 
time  at  least,  practically  the  same  as  in  the  magnesium  solution. 
Such  larvae  should  therefore  show  prompt  and  complete  recovery 
on  return  to  sea  water,  in  contrast  to  those  which  were  placed  in 
the  alkali  chloride  solution  directly  from  sea  water  and  which,  as 
already  pointed  out,  undergo  immediate  marked  increase  in  per- 
meability and  recover  contractility  slowly  and  imperfectly  on  return 

^  Cf.  Hoeber:  Physikalische  Chemie  der  Zelle  und  der  Gewebe,  2te  Auflage, 
1906,  pp.  293-294. 
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to  the  normal  medium.     These  expectations  were  completely  real- 
ized,  as  the  experiments  of  Table  X,  p.  490,  will  illustrate. 

The  follovving  experiments  (Table  IX)  show  the  differences  in 
promptitude  and  completeness  of  recovery  between  larvae  exposed 

TABLE  IX 
Stay  in  Solution.  Eflfect  of  Transfer  to  Sea  Water. 

1.  m/2  LiCI.     54  m.        No  immediate  result;    larvse  remain  motionless  after  forty-five 
minutes.    At  two  and  one-half  hours  after  transfer  contrac- 
tions  are  well  marked. 
1  h.  52  m.  No  contractions  are  seen  for  a  long  time.    At  one  and  one-half 
hours  after  transfer  larvae  show  slight  contractions  at  intervals. 
4  h.  20  m.  At  one  and  one-half  hours  a  few  slight  contractions.    At  two  and 
one-half  hours  well-marked  contractions  at  intervals. 
2.  m/2  NaCl.    54  m.     No  immediate  effect.    At  twenty-three  minutes  a  few  faint  con- 
tractions are  seen.    After  two  and  one-half  hours  contractions 
are  well  marked. 
1  h.  50  m.    No  contractions  are  seen  for  a  long  time.    After  one  and  one-half 

hours  slight  contractions  occur  at  infrequent  intervals. 
4  h.  17  m.    No  contractions  are  seen  at  one  and  one-half  hours.     Slight 
movement  has  returned  after  about  two  and  one-half  hours. 
3.  m/2  KCl.    53  m.     No  contractions  at  twenty  minutes.    At  thirty-seven  minutes 
slight  jerky  contractions  are  seen  in  a  good  proportion.    At 
two  and  one-ha]f  hours  contractions  are  more  active  than  after 
NaCl. 
1  h.  45  m.    No  contractions  at  twenty   minutes.     Contractions  are   well 

marked  after  one  hour  thirty-seven  minutes. 
4  h.  12  m.    No  contraction  at  fifty-cight  minutes  after  transfer.    At  one-  and 
one-half  hours  a  few  slight  contractions;  next  day  most  larve 
show  well-marked  contractions,  better  than  after   NaCl  or 
LiCl. 

4.  tn/2  MgCl,.    52  m.  Vigorous  contractions  at  once.    After  thirty  minutes,  movement 

appears  practically  normal. 
1  h.  42  m.    Immediate  return  of  vigorous  contractions. 
4  h.  10  m.    Immediate  contractions. 

5.  m/2  CaCl,.    52  m.    Immediate  vigorous  contractions. 

1  h.  40  m.    Active  contractions  return  almost  immediately. 
4  h.  5  m.      Well-marked  contractions  return  after  an  interval  of  a  few 
seconds. 

6.  m/2  SrCl,.    50  m.     No  contractions  at  first  or  at  forty-five  minutes  after  transfer. 

At  two  hours  and  twenty  minutes  only  a  few  slight  infrequent 
contractions  are  seen.    Practically  no  return  of  contractility. 

7.  m/2  BaCl,.    54  m.    No  return  of  contractions. 

8.  m/2  MnCl,.    52  m.    No  movements  at  thìrty-three  minutes  after  transfer.    At  two 

hours  and  eleven  minutes  larvae  show  jerky  contractions  at 
intervals;    after  fìve  hours  contractions  are   vigorous  and 
frequent. 
3  h.  30  m.    No  movement  is  seen  for  more  than  two  hours.    Next  day  a 
laige  proportion  of  larve  show  good  contractions. 
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for  approximately  equal  periods  to  solutions  of  various  salts  and 
then  returned  to  sea  water.  Larvae  were  brought  from  sea  water 
into  w/2  solutions  of  the  foUowing  salts  :  LiCl,  NaCl,  KCl,  MgCl^, 
CaCla,  SrClg,  BaClg,  and  MnClg.  The  immediate  effect  of  the 
alkali  chlorides  and  of  strontium  and  barium  chloride  is  to  produce 
a  strong  initial  contraction  with  loss  of  pigment,  foUowed  by  weaker 
movements  which  cease  within  a  few  minutes  (more  rapidly  in 
BaCla  and  KCl),  while  in  magnesium  and  calcium  chlorides  contrac- 
tions  cease  by  degrees  w^ithout  the  initial  contraction  or  evident  in- 
crease  "of  permeability.  Manganese  chloride  has  an  immediate 
action  very  similar  to  that  of  magnesium  chloride;  there  is  no 
initial  contraction,  and  muscular  movements  cease  in  a  few  seconds  ; 
ciliary  action  continues  for  an  hour  or  more.  Larvae  were  trans- 
ferred  from  each  of  these  solutions  to  sea  water  after  varying  in- 
tervals  of  time  with  the  results  indicated  in  Table  IX. 

The  return  of  muscular  contractions  in  sea  water  is  thus  imper- 
fect  and  delayed  after  exposure  to  lithium,  sodium,  or  potassium 
chloride,  and  the  more  so  the  longer  the  stay  in  the  solution.  Potas- 
sium appears  the  least  toxic  of  these  three  salts  (see  below,  Table  X, 
p.  490).  On  the  other  hand,  after  several  hours  in  m/2  MgCla  vig- 
orous  contractions  return  at  once  ;  the  same  is  true  for  m/2  CaCl2, 
although  its  action  is  somewhat  more  toxic.  Strontium  and  barium 
chloride  are  both  decidedly  toxic,  particularly  the  latter.  Manga- 
nese chloride,  however,  resembles  the  second  of  the  above  two  groups 
of  salts  ;  although  more  toxic  than  magnesium,  it  appears  to  differ 
from  the  latter  chiefly  in  the  less  ready  reversibility  of  its  action. 
This  corresponds  to  the  difference  between  the  reversibility  of  the 
precipitating  action  of  alkali  earth  and  of  heavy  metal  cations  on 
colloidal  solutions.^* 

If  the  larvse  have  previously  been  treated  with  magnesium  chlo- 
ride, the  toxic  action  of  the  alkali  chlorides  is  much  less  pronounced 
and  contractions  return  promptly  on  transfer  to  sea  water.  The 
following  experiments  will  illustrate  (see  Table  X). 

The  protective  influence  of  previous  treatment  with  magnesium 
chloride  appears  clearly  from  these  experiments.  By  this  treatment 
the  plasma  membrane  seems  to  have  been  given  a  consistency  which 
is  afterwards  altered  only  slightly  and  gradually  by  the  alkali  chlo- 
ride.   That  the  latter  salt  eventually  changes  the  permeability  of  the 

"  Cf.  Pauli:  Beitrage  zur  chemischen  Physiologie  und  Pathologìe,  1905,  vi, 
P-  ^33- 
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membrane  is,  however,  clearly  indicated  by  the  results  ot  anotlier 
series  of  experiments  :  larvae  treated  for  twelve  minutes  with  m/2 
MgCIg  and  then  left  for  twelve  minutes  in  m/2  KCl  showed  instant 
recovery  in  sea  water,  but  after  two  hours  in  the  m/2  KCl  and  return 

TABLE  X 

July  5, 1908.  —  Larvae  were  placed  in  m/2  MgCla  at  3.20  p.  M.  After  an  ìnterval  portions 
were  transferred  to  m/2  LiCl,  NaCl,  and  KCl,  and  thence,  after  a  certain  interval,  to  sea 
water.  The  effects  followìng  transfer  to  sea  water  were  compared  with  those  found  in 
larvs  treated  for  the  same  length  of  time  with  these  solutions  but  without  previous  ex- 
posure  to  m/2  MgCl,. 

The  exposures  to  m/2  MgCl,,  preceding  the  transfer  to  m/2  LiCl,  NaCl,  and  KCl, 
were,  respectively,  13.5,  17.5,  and  24  minutes. 


Immediate  action  of 

salt  solution  and 
length  of  exposure. 

Action  of  sea  water  on  larvae  exposed  to  m/2  alkali 
chloride  for  period  given  in  first  column. 

A.     On  larvae  placed  in 

solution  after  treatment 

with  m/2  MgClj. 

B.     On  larvae  transferred 

to  solution  directly  from 

sea  water. 

1.  m/2   LiCI.   21.5   m. 
Marked     contractions 
in     larvae     from     sea 
water;    none  in  larvse 
from  m/2  MgCl,. 

2.  m/2  NaCl.    24.5  m. 
Marked  contractions  in 
larvae  from  sea  water; 
none  after  MgCl,. 

3.  m/2   KCl.     24   m. 
Marked      contraction 
after    sea    water,    as 
usuai;  none  seen  after 
m/2  MgCU. 

In  m/2  MgCla  for  13.5  m. 
Immediate    vigorous    con- 
tractions in  practically  ali. 
Larvae    are     stili     largely 
active  after  19  h. 

In  m/2  MgCla  for  17.5  m. 
Immediate  active  and  vig- 
orous contractions.     Next 
day,  after  19  h.,  larvae  show 
vigorous    and    apparently 
normal  movement. 

In  m/2   MgCl,  for  24  m. 
Vigorous  contractions  ap- 
pear  withìn  J  m.    Next  day 
ali  larvae  are  active  and  ap- 
parently normal. 

No  contractions  are  seen  in  sea 
water  for  almost  an  hour, 
when  feeble  twitches  begin. 
Next  day  only  a  little  move- 
ment remains  —  much  less 
than  in  Experiment  1  A. 

No  contractions  appear  in  sea 
water  for  the  first  20  m. 
Slight  movements  begin  in 
aboutjh.  Next  day  (19  h.) 
most  larvae  are  disintegrated 
and  dead  ;  a  little  intermittent 
movement  remains.  Marked 
contrast  to  2  A. 

No  movement  appears  in  sea 
water  for  about  10  m.  Con- 
tractions are  well  marked 
after  Jh.  Next  day  ali  larvae 
are  living  and  active. 

to  sea  water  there  was  a  delay  of  over  fifteen  minutes  in  the  return  of 
contractions.  Recovery  proved  almost  complete,  nevertheless,  while 
larvae  left  for  about  the  same  time  in  m/2  KCl,  but  without  previous 
treatment  with  m/2  MgClg,  showed  only  partial  and  imperfect  re- 
vival of  contractions.  The  potassium  chloride  during  the  two  hours 
of  its  action  had  evidently  produced  considerable  alteration  in  the 
contractile  tissues,  in  spite  of  the  previous  decrease  of  permeability 
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by  the  magnesium  salt.  The  marked  and  sudden  increase  of  per- 
meability  in  pure  alkali  chioride  solutions,  which  otherwise  results 
and  to  which  a  large  part  of  the  toxic  action  is  to  be  ascribed,  is 
hovvever  prevented  by  previous  exposure  to  magnesium  chioride. 


SUMMARY. 

1.  Arenicola  larvae  lose  muscular  contractility  gradually  in  pure 
isotonic  solutions  of  non-electrolytes  (dextrose,  cane-sugar),  more 
rapidly  in  solutions  of  magnesium  salts.  The  effect  resembles 
anaesthesia,  and  contractility  is  readily  restored  on  return  to  sea 
water  or  to  various  electrolyte  solutions. 

2.  Pure  solutions  of  sodium  salts  produce  well-marked  ^ontrac- 
tions  in  larvae  from  isotonic  sugar  solutions,  but  few  or  none  in 
those  from  m/2  MgClg.  The  addition  of  a  little  calcium  chioride 
to  sodium  chioride  solutions  greatly  increases  the  ability  of  the  latter 
to  restore  normal  contractility;  calcium  shows  perceptible  action  in 
dilutions  so  low  as  m/25600. 

3.  In  the  intensity  of  their  immediate  stimulating  power  sodium 
salts  show  a  definite  relation  to  the  character  of  the  anions;  the 
order  of  increasing  toxicity  is,  in  general,  also  that  of  increasing 
stimulating  power.    This  order  is  essentially  as  follows  :   COOCH3 

<  SO4  <  C^U^O^  <  HPO4  <  CI  <  NOa  and  CIO3  <  Br  <  I.    This 
is  also  the  characteristic  order  of  relative  action  on  colloids. 

4.  Of  the  alkali  chlorides,  sodium,  lithium,  and  caesium  restore 
approximately  normal  contractions,  for  a  short  time,  in  larvae  from 
sugar  solution.  Rubidium  and  potassium  have  a  more  powerful 
immediate  stimulating  action,  but  destroy  contractility  more  rapidly. 
The  order  of  increasing  favorable  action  is  :  K  and  Rb  <  NH4  <  Li 

<  Cs<  Na.    Tliis  order  is  also  the  order  of  decreasing  action  in  the 
precipitation  of  lecithin  and  egg  albumin  by  these  salts. 

5.  Of  pure  solutions  of  the  alkali  earth  chlorides  magnesium 
produces  no  contractions;  calcium  and  strontium  produce  slight 
contractions  lasting  some  time;  barium  causes  marked  shortening 
and  quickly  destroys  contractility.  The  order  of  increasing  toxicity 
is  Mg<  Ca<  Sr<  Ba. 

6.  Weak  solutions  of  acid  (HCl,  H2SO4,  HCOOCH3)  in  concen- 
trations  from  «/3200  to  n/ 12800  restore,  for  a  short  time,  almost 
normal  contractions  in  larvre  from  sugar  solutions.  Alkali  has  little 
or  no  such  action  in  concentrations  of  n/50  and  lower.     Acid  and 
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alkali  bave  opposite  influence  on  muscular  tone,  the  former  increas- 
ing  and  the  latter  decreasing  the  tonic  contraction.  Larvae  previ- 
ously  treated  with  m/2  MgCl2  are  unaffected  by  acid  and  alkali  in 
these  concentrations. 

7.  A  given  salt  solution  (e.  g.,  m/2  NaCl,  KCl)  produces  diflfer- 
ent  effects  according  to  the  medium  in  which  the  larvje  remained 
before  being  brought  into  the  solution.  Larvae  transf erred  f rom  sea 
water  to.m/2  NaCl  undergo  marked  stimulation  and  increase  in 
permeability  ;  larvae  from  sugar  solution  show  less  energetic  con- 
tractions;  and  from  m/2  MgClg  few  or  none.  In  the  latter  case 
the  toxic  action  of  the  pure  m/2  NaCl  (etc.)  is  also  greatly 
diminished. 

8.  The  action  of  electrolytes  in  altering  the  permeability  of  the 
plasma  membranes,  and  the  relation  of  these  changes  of  perme- 
ability to  the  irritability  and  to  the  energy  production  of  the  tissue 
(stimulation,  inhibition,  anaesthetization)  are  discussed  throughout 
the  paper. 
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[Reprinted  from  Biological  Bulletin,  Voi.  XVII.,  No.  3,  Augnst,  1909.] 


THE  GENERAL  BIOLOGICAL  SIGNIFICANCE  OF 
CHANGES  IN  THE  PERMEABILITY  OF  THE 
SURFACE  LAYER  OR  PLASMA-MEM- 
BRANE OF  LIVING  CELLS.^ 

RALPH  S.  LILLIE. 

The  osmotic  properties  of  Itving  cells  bave  been  tbe  subject  of 
repeated  investigatìon  since  tbe  fundamental  experiments  of  Pfefler 
and  de  Vries,  and  especially  since  tbe  rise  of  tbe  tbeory  of 
osmotic  pressure  and  tbe  extension  of  tbe  gas  laws  to  dissolved 
substances  by  van't  Hoff  in  1887.*  One  remarkable  result,  of 
tbe  bigbest  signifìcance  for  general  pbysiology,  bas  been  perbaps 
tbe  main  outcome  of  these  researcbes  ;  living  cells  of  the  most 
diverse  kinds  bave  been  found  to  possess  in  common  a  high  degree 
of  physical  impermeability  to  most  of  tbe  diffusible  non-coUoid 
substances  normally  occurring  in  tbe  cells  and  in  their  surround- 
ings.  Tbe  surface  film  or  so  called  plasma-membrane  of  cells, 
wbile  readily  permeable  to  water,  offers  a  bigbly  efficient  barrier 
—  at  least  during  tbe  resting  or  unstimulated  state  —  to  tbe 
entrance  or  exit  of  many  dissolved  substances  of  relatively  low 
molecular  weight,  even  of  those  normally  present  in  protoplasma 
as  sugars,  amino-acids,  and  neutral  salts.  This  impermeability  is 
a  property  of  the  normal  living  celi,  unmodified  by  experimental 
conditions.  A  direct  proof  of  this  is  tbe  characteristic  turgor  of 
plant  cells,  which  is  due  to  the  osmotic  pressure  of  crystalloid 
substances  dissolved  in  the  cell-sap  ;  it  is  clear  that  tbe  osmot- 
ically  active  substances  —  sugars,  organic  acids,  and  other  rela- 
tively simple  compounds-^are  ordinarily  unable  to  traverse  the 
limiting  surfaces  of  the  protoplasm  ;  were  they  able  to  do  so  tbe 
maintenance  of  the  high  internai  pressures  known  to  exist  would 
be  impossible.     Such  impermeability  is  a  peculiarity  of  tbe  living^ 

'  From  the  Physiological  Laboratory,  Department  of  ZoSlogy,  University  of 
Pennsylvania. 

■  A  fuU  account  of  the  earlier  researches  will  be  found  in  Hamburger's  •*  Osmo- 
tischer  Druck  und  lonenlehre  in  den  medizinischen  .  WÌ3senschaften,V  Wiesbaden,. 
I.  F.  Bergmann,  1902-4.  See  also  Hòber's  '*  Physikalische  Chemie  der  Zelle  und 
der  Gewebe,  2d  ed.,  Leipzig,  Engelmann,  1^06. 
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celi  and  disappears  at  death,  which  is  always  associated  with  a 
loss  of  turgor  and  a  difìfusion  of  dissolved  materials  (coloring 
matters,  etc.)  from  the  celi.  The  increase  in  permeability  may  be 
the  consequence,  or  it  may  be  the  cause,  of  the  death-process  ; 
at  ali  events  it  is  the  invariable  concomitant  of  the  latter  —  a  fact 
apparently  signìfying  that  the  living  condition  is  incompatible 
with  more  than  a  temporary  loss  of  impermeability. 

The  dependence  of  certain  fundamental  life  processes  (as 
growth,  which  is  a  manifestation  of  osmotic  energy)  on  the  int- 
permeability  of  the  plasma-membrane  is  more  clearly  apparent  in 
plants  than  in  animals.  The  proof  that  a  similar  impermeability 
characterìzes  animai  cells  is  due  mainly  to  the  use  of  the  plasmo- 
lytic  method,  which  was  first  accurately  applied  to  plants  by  de 
Vries,  and  has  later  been  extended  to  animai  cells  by  Ham- 
burger, Overton,  Koeppe  and  others.  The  principle  of  the 
tnethod  is  well  known  ;  the  turgor-pressure  of  plant  cells,  due  to 
the  osmotic  pressure  of  the  cell-contents,  may  be  compensated  by 
the  application  of  an  extemal  osmotic  pressure,  provided  that  the 
boundary  surface  of  the  protoplast  is  impermeable  also  to  the 
external  solute  ;  over-compensation,  with  compression  of  water 
from  the  celi  and  ashrinkage  of  the  protoplast  from  the  cellulose 
cell-wall,  results  if  the  external  pressure  distinctly  exceeds  that 
of  the  cell-contents  ;  under-compensalion  leads  to  absorption  of 
water  ;  while  with  equality  of  external  and  internai  osmotic  pres- 
sures  no  osmotic  change  is  seen  (cases  of  hypertonic,  hypotonic 
and  isotonic  solutions  respectively).  A  means  is  thus  afforded 
of  testing  the  permeabiHty  of  the  plasma-membrane  to  different 
substances.  If,  using  a  moderately  hypertonic  solution  of  a  given 
substance,  a  loss  of  water  results  which  remains  permanent  during 
the  period  of  immersion  in  the  solution,  impermeability  relatively 
to  that  substance  is  indicated  (the  case  of  sugars,  polyhydric 
alcohols,  neutral  salts).  If  the  celi  loses  water  only  temporarily, 
afterwards  regaining  its  originai  proportions,  or  even  swelling  stili 
further,  graduai  entrance  of  the  substance  into  the  celi  is  indi- 
cated ;  such  effects  usually  appear  with  solutions  of  urea,  glyc- 
erine,  or  glycol,  to  which  most  cells  are  slowly  permeable.  If 
no  plasmolysis  results,  even  with  strongly  hypertonic  solutions, 
a  free  permeability  to  the  dissolved  substance  must  exist  ;   hence 
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such  Solutions  typically  induce  swelling  of  cells  ;  many  organic 
substanccs,  particularly  fat-solvents,  belong  to  this  group. 
Another  method  of  testing  permeability  has  been  employed  by 
Hedin,  whtch  has  the  advantage  of  permitting  of  quantitative 
application.  A  known  quantlty  of  the  substance  to  be  tested  is 
added  to  a  given  volume  of  a  somewhat  dense  suspension  of  the 
cells  studied  (chiefly  blood  corpuscles).  After  an  interval  the 
mixture  is  ccntrifuged  and  the  partition  of  the  added  substance 
between  cells  and  suspension-medium  may  then  be  determined 
cryoscopically.  The  results  gained  by  these  two  methods  agree 
closely.  The  permeability  of  animai  cells  has  been  studied  in 
considerable  detail  by  various  modifìcations  of  these  methods. 
Overton  in  particular  has  compared  the  respective  permeabilities 
of  animai  and  plant  cells  and  has  shown  that  essentially  the  same 
relations  hold  for  both.  The  conditions  are  highly  Constant  and 
characteristic.  AH  the  cells  examined  ha  ve  proved  impermeable 
to  sugars,  polyhydric  alcohols  (erythrite  and  higher).  amino- 
acids  (glycocoll,  alanin,  leucin,  asparagin,  taurìn),  and  most  neutral 
saits  of  alkali  and  alkali  earth  metals  ;  difficultly  permeable  to 
dihydric  alcohols,  urea  and  glycerine  ;  and  freely  permeable  to 
monohydric  alcohols,  ethers,  esters,  aldehydes,  normal  and  sub- 
stituted  hydrocarbons  — in  general  to  such  substances  as  exhibit 
in  common  the  property  of  dissolving  fats  or  of  being  dissolved 
in  them.  In  applying  such  methods  it  must  be  borne  in  mind 
that  many  substances,  including  particularly  the  last  named  group, 
alter  the  normal  permeability  of  the  plasma-membrane  ;  allow- 
ance  has  therefore  to  be  made  for  changes  in  the  normal  perme- 
ability due  to  the  direct  action  of  the  substances  investigated. 
Most  of  the  substances  of  the  first  and  second  of  tlie  above 
groups  have,  however,  relatively  slight  action  of  this  kind  ;  and 
impermeability  or  difficult  permeability  to  these  substances 
appears  to  be  a  very  general  if  not  a  universal  rule  for  both  plant 
and  animai  cells. 

Impermeability  to  sugars,  polyhydric  alcohols,  amino-acids, 
neutral  salts,  combined  with  ready  permeability  to  those  various 
organic  substances  which  have  in  common  fat-dissolving  or  lipo- 
lytic  properties,  appears  thus  to  be  a  fundamental  characteristic  of 
living  cells.     The  view  that  the  surface  layer  of  protoplasm  is  fatty 
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in  nature,  early  expressed  by  Quincke  and  others,  has  thus  been 
confirmed  by  a  study  of  the  permeability,  since  fat-solvents  will 
readily  enter  and  traverse  a  layer  consisting  largely  of  fatty  sub- 
stances.  Overton  has  shown  that  the  permeability  of  cells  is  in 
general  such  as  would  be  expected  if  the  plasma-membrane  con- 
sisted  largely  of  lecitbin  and  cholesterin,  the  chief  members  of  the 
so-called  lipoid  group  of  substances,  which  appear  to  be  Constant 
constituents  of  protoplasm.  He  found  that  those  dyes  which 
readily  enter  cells  {intra  vitam  dyes)  are  very  generally  soluble  in 
lipoid  mixtures  or  in  organic  solvents  containing  lipoids  —  even  if 
insoluble  in  triolein  and  other  simple  glycerides  —  while  the 
group  of  non-vital  dyes,  particularly  the  sulphonic  acid  derivatives, 
are  insoluble  in  such  solvents.^  A  relation  between  lipoid-solu- 
bility  and  ability  to  enter  cells  thus  exists  for  dyes,  according  to 
Overton.  The  rule  that  such  solubility  implies  ready  penetration 
of  a  dye  into  a  celi  and  vice  versa  appears,  however,  not  to  be  with- 
out  exceptions  ;'  the  matter  is  complicated  by  the  readiness  with 
which  the  normal  permeability  may  be  modified  by  the  very 
presence  of  the  substance  whose  penetration  is  in  question. 
There  are,  however,  other  facts  which  indicate  that  the  distinctive 
vital  permeability  of  cells  is  intimately  related  to  the  presence  of 
these  substances.  Chief  aniong  these  are  the  peculiar  relations  of 
lecithin  and  cholesterin  to  haemolysis,  a  change  which  seems  to  de- 
pend  primarily  on  alteration  of  the  permeability  of  the  surface  layer 
of  the  erythrocytes  ;  the  action  of  various  haemolytic  substances 
(saponin,  agaricin,  solanin,  cobra  poison,  tetanolysin)  is  furthered  or 
checked  in  a  characteristic  manner  by  the  addition  of  lipoids  to  the 
blood  serum.  Again,  the  observations  of  Pascucci  ^  in  Hofmeister's 
laboratory  on  the  permeability  of  artificial  membranesimpregnated 
with- lipoids,  and  on  the  composition  of  the  stroma  of  blood  cor- 
puscles,  afford  strong  support  to  the  view  that  lipoids  play  an  es- 
sential  part  in  the  formation  of  the  plasma-membrane.  Naturally 
the  latter  is  not  to  be  regarded  as  a  simple  layer  of  lipoids  ;  it 
appears  rather  to  be  a  surface  film  of  highly  complex  composi- 

*Overlon,  **  JahrbUcher  fUr  wissenschafiliche  Botanik,"  34,  1900,  p.  669. 

'  Cf.  the  crìtique  of  Brailsford  Robertson,  Journal  of  Biological  Chemùtry^  190S, 
▼ol.  4,  p.  I.  Robertson  nevertheless  regards  the  surface  film  as  partly  composed  of 
Upoids,  although  he  ascribes  more  importance  to  the  surface  film  of  modified  protein. 

•Pascucci,  Hofmeistef^s  Beittage,  1905,  6,  pp.  543,  552. 
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tion,  probably  consisting  of  a  mixture  of  substances,  chiefly 
protein  but  largely  Hpoid,  that  bave  collected  at  the  surface  in 
consequence  of  their  effect  in  lowering  surface-tension.  Numer- 
ous  obsen'ations  bave  sbown  that  coherent  films  may  thus  be 
formed  at  the  boundary  surface  between  two  fluids.  ^  The  phe- 
nomenon  is  now  recognized  as  a  special  instance  of  the  operation 
of  a  principle  first  defined  by  Willard  Gibbs  :  conditions  of  equi- 
librìum  require  that  substances  which  lower  the  surface-ten- 
sion of  a  solvent  should  collect  in  the  surface  layers  in  higher 
concentration  than  in  the  interior.  Proteins  and  lipoids  show  this 
behavior.  It  must  be  granted,  however,  that  the  conditions  which 
render  the  plasma-membrane  of  resting  cells  so  peculiarly  imper- 
meable  to  soluble  substances  —  provdded  these  do  not  alter  its 
chemical  composition  or  colloidal  consistency  —  are  imperfectly 
understood.  The  facts  of  electrical  stimulation  indicate  that  the 
characteristic  electrically  polarized  condition  or  physiological 
polarization  of  the  plasma-membrane  is  a  factor  of  fundamental 
importance. 

During  the  greater  part  of  its  existence  the  celi  thus  appears 
almost  completely  shut  off  from  osmotic  or  diffusive  exchange 
with  its  surroundings.  It  is  evident,  however,  that  this  imperme- 
ability  to  the  food-materiais  and  to  the  salts  of  protoplasm  cannot 
exist  at  ali  times  and  under  ali  conditions  ;  such  substances  do 
enter  the  celi,  and  since  such  entrance  implies  penetration  of  the 
surface  layer,  the  latter  must  under  certain  conditions  become 
permeable.  A  specifically  physiological  problem  is  bere  en- 
countered  ;  either  soluble  food  substances  reach  the  interior  of 
the  celi  quite  otherwise  than  by  a  simple  process  of  diffusion,  or 
the  permeability  of  the  plasma-membrane  must  at  certain  times 
undergo  functional  alterations  so  as  then  to  admit  such  sub- 
stances. There  is  in  fact  evidence  that  the  permeability  of  the 
plasma-membrane  does  increase  at  times,  e.  g.,  under  the  influence 
of  carbon  dioxide,  or  during  stimulation  ;  and  it  is  possible  that 
food  materials  may  enter  chiefly  or  exclusively  at  such  times. 
Nevertheless,  the  whole  question  as  to  the  mode  of  entrance  of 
soluble  food  materials  into  cells  stili  presents  many  difficulties. 

*Cf.  Ramsden,  Zrìtschrift  fiìr  physikalische  Chemie^  1904»  ^oJ-  47»  ?•  336.  Met- 
calf,  ibid.^  19051  voi.  52,  p.  1.     Literature  ami  review  in  this  paper. 
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The  process  probably  requires  the  performance  of  work  on  the 
part  of  cells,  just  as  does  the  separation  of  a  secretion  by  a  gland. 
The  kidney  performs  osmotic  work  in  concentrating  its  secretion, 
and  the  cells  of  the  intestinal  mucosa  absorb  many  substances 
against  concentration  gradients,  a  capability  also  implying  per- 
formance of  work.  The  rapidity  with  which  salts  and  food- 
materials  are  absorbed  seems  indeed  incompatible  with  the  exist- 
ence  of  an  impermeable  plasma- membrane  ;  yet  whenever  resting 
cells  are  tested  with  regard  to  their  physical  permeability  the 
above  unequivocal  results  appear.  Evidently  the  decisive  factors 
in  absorption  as  also  in  secretion  are  largely  independent  of  physi- 
cal diffusion.* 

Whatever  the  actual  case  may  be  —  and  the  problem  remains 
unsolved  for  the  present  —  there  is  no  doubt  that  inipermeability 
to  the  diffusion  of  many  dissolved  substances  of  low  molecular 
weight  is  a  highly  distinctive  and  even  necessary  characteristic  of 
living  cells.  The  foUowing  considerations  will  make  this  clear. 
Substances  of  relatively  low  molecular  weight  and  high  diffusi- 
bility  form  an  important  part  of  the  living  protoplasmic  complex. 
In  the  specific  metabolism  of  any  animai  the  protein  and  carbo- 
hydrate  food  materials  are  split  respectively  to  amino-acids  and 
sugars,  both  highly  diffusible  substances  ;  and  many  other  diffu- 
sible  products  important  in  metabolism  are  formed  by  oxidation 
or  hydrolysis.  These  substances  must  not  be  lost  from  the  celi. 
It  is  plain  that  any  specific  organism  must  exhibit  a  Constant  and 
specific  metabolism  —  is  indeed  the  product  or  the  manifestation 
of  this.  Now  the  existence  of  specific  metabolic  processes  in  any 
celi  requires  the  presence  of  many  interacting  substances  in  pro- 
portions  that  must  not  vary  widely  from  a  Constant  mean  ;  in 
other  words.  constancy  in  the  character  of  its  metabolic  processes 
is  essential  to  the  specificity  of  a  particular  celi.  Its  protoplasm 
may  be  regarded  as  a  mixture  of  diverse  yet  constantly  present 
substances  in  an  approximate  chemical  equilibrium  of  a  highly 
complex  order.  Any  such  constancy  of  composition,  implying 
constancy  in  the  conditions  of  equilibrium,  would  be  impossible  in 
a  system  not  very  completely  isolated  from  its  surroundings.     In 

*Cf.  Asher,  Biochemische  ZeUs(hrifl,  I908,  XIV.,  p.  i,  *•  Untersuchungcn  Uber 
die  physiologische  PermeabilitiLt  der  Zellen." 
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the  celi  this  isolation  is  due  to  the  presence  of  an  impermeable 
surface  film.  A  marked  degree  of  impermeability  to  the  great 
majority  of  its  diffusible  constituents  is  thus  indispensable  to  the 
continued  existence  of  a  highly  complex  heterogeneous  system 
like  the  celi.  To  certain  substances  like  oxygen  and  carbon  di- 
oxide  the  plasma-membrane  appears  quite  freely  permeable, 
though  even  in  the  case  of  these  substances  the  permeability 
seems  to  differ  greatly  at  different  times.'  In  general  the  con- 
clusion  seems  justified  that  the  presence  of  this  impermeable 
boundary  is  an  indispensable  condition  of  the  most  fundamental 
chemical  characteristics  of  living  matter.  We  may  say  indeed 
that  just  as  the  high  development  of  chemistry  would  have  been 
impossible  without  the  use  of  vessels  in  which  the  interacting 
substances  could  be  confined  and  isolated  from  the  surroundings, 
so  the  development  in  phylogenesis  of  the  complex  chemical  spe- 
cificity  of  living  organisms  has  depended  on  the  isolation  of  the 
protoplasmic  chemical  system  from  its  surroundings  by  a  physi- 
cally  impermeable  boundary.  The  impermeability  of  the  plasma 
membrane  thus  appears  not  as  a  merely  incidental  character  of 
living  cells,  but  as  a  primary  condition  both  of  their  development 
and  of  their  continued  existence. 

The  non-permeability  of  cells  to  many  electrolytes  is  an  espe- 
cially  significant  characteristic.  Neutral  salts  of  the  alkali  and 
alkali  earth  metals  are  almost  invariable  constituents  of  proto- 
plasm  ;  yet  the  plasma-membrane,  as  the  investigations  of  Over- 
ton  and  others  have  shown,  is  impermeable  or  difficultly  permea- 
ble  to  many  if  not  ali  of  these.  This  implies  impermeability  to 
the  undissociated  molecules  and  to  one  or  other  or  both  of  the 
two  classes  of  ions  resulting  from  dissociation.  If  a  membrane  is 
partially  permeable  to  both  ions  of  an  electrolyte  the  chances  are 
that  it  will  be  unequally  permeable  to  these  ;  and  the  case  is  con- 
ceivable  that  it  should  be  freely  permeable  to  one  ion  but  not  to 
the  other.  Ostwald  ^  in  1 890  first  directed  attention  to  this  possi- 
bility  ;  such  a  membrane,  if  interposed  between  two  unequally 
concentrated  solutions  of  the  electrolyte,  would  then  be  the  seat 
of  an  electrical  potential  difference,  since  there  would  be  a  sepa- 

*The  permeability  lo  fat-solvents  is  an  incidenlal,  not  a  vital,  peculiarity,  since 
these  substances  are  not  norroally  present  in  protoplasm  or  its  surroundings. 
'^Zerschrift  /tir  physikalische  Che  mie,  6,  1890,  p.  71. 
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ration  of  electricities  due  to  the  passage  of  a  certain  small  prò- 
portion  of  ions  of  one  sign  through  the  membrane  ;  this  would 
continue  until  the  electrostatic  tension  thus  arising  balanced  the 
osmotic  pressure  difference  between  the  ions  on  opposite  sides  of 
the  membrane,  when  the  ionie  transfer  would  cease.  A  certain 
potential  difference  —  Constant  (at  a  given  temperature)  with 
unchanged  permeability  of  the  membrane  and  concentrations  of 
the  electrolyte  —  would  then  exist  between  opposite  surfaces  of 
the  membrane.  The  presence  of  membranes  having  such  a  dif- 
ferential  permeability  in  reference  to  the  anions  and  cations  of  the 
tissues  might,  Ostwald  pointed  out,  be  the  source  of  the  elec- 
trical  phenomena  of  living  organisms  ;  and  this  suggestion  has 
been  further  developed  by  Bernstein,  follo wed  by  Brùnings, 
Hoeber  and  others.  The  theory  based  on  this  interpretation  — 
the  so-called  "  membrane  theory  "  of  the  origin  of  the  bio-electric 
currents  —  appears  to-day  as  the  most  adequate  explanation  of 
these  complex  and  puzzling  phenomena.  Its  merit  consists 
mainly  in  the  introduction  of  a  third  variable  —  in  addition  to 
character  and  concentration  of  the  ions  at  the  boundary  surface  ^ 
—  namely,  the  ionie  permeability  of  the  membrane  itself.  This 
is  subject  to  more  or  less  sudden  alteration  either  in  the  direction 
of  increase  or  decrease  ;  and  the  sudden  and  pronounced  elec- 
trical  changes  accompanying  stimulation  and  inhibition,  as  well 
as  the  remarkably  high  potential  .differences  found  in  some  in- 
stances  (electric  fishes),  become  readily  intelligible  on  this  theory. 
The  outer  uninjured  surface  of  a  resting  celi  —  e,  g.,  a  muscle 
celi  *  —  always  proves  positive  relatively  to  the  interior  when- 
ever  the  latter  is  exposed  by  any  kind  of  injury  or  by  chemical 
or  other  alteration  of  the  surface.  The  membrane  theory  there- 
fore  assumes  that  the  plasma-membrane  is  freely  permeable  during 
rest  to  the  cations  of  a  certain  electrolyte  or  electrolytes  contained 
within  the  celi,  but  not  to  its  anions.  This  condition  may,  how- 
ever,  undergo  temporary  alteration,  as  during  stimulation,  when 
there  is  invariably  a  fall  in  the   potential  difference  between  exte- 

^  Assuming  Constant  temperature. 

*Of  course  observation  cannot  be  directly  made  on  single  cells  —  unlesson  certain 
egg-cells  —  a  possibility  exemplifìed  by  Miss  Hyde'sinvestigations  cited  below.  The 
above  statement  assumes  that  what  is  observed  for  parallel  bundles  of  cells,  e.g.^ 
such  a  muscle  as  the  frog's  sartorius,  is  true  for  single  components  of  the  bundle. 
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rìor  and  interior  of  the  celi,  such  as  would  result  from  an  increased 
permeability  to  anions.  During  life  such  potential  changes  occur 
only  temporarily  ;  they  are  an  apparently  inseparable  accompani- 
ment  of  any  forni  of  stimulation.  On  the  death  of  the  celi,  how- 
ever,  there  follows  a  marked  and  permanent  increase  in  the  general 
permeability,  and  this  change  is  always  associated  with  a  perma- 
nent fall  in  the  potential  difference  between  surface  and  interior. 
That  the  normal  potential  difference  observed  during  life  is  cor- 
related  with  the  normal  impermeability  of  the  plasma>membrane 
thus  appears  highly  probable.  The  plasma-membrane  is  hence 
to  be  regarded  as  the  seat,  during  life,  of  a  permanent  electrical 
polarization  which  is  diminished  during  stimulation,  and  disappears 
or  is  greatly  diminished  at  death,  when  the  vital  semi-perme- 
ability  is  lost.  The  cation  to  whose  penetration  the  external 
positivity  is  due  was  at  first  supposed  to  be  potassium,  which  is 
present  in  relatively  large  proportion  in  the  interior  of  vertebrate 
muscle  cells  ;  but  this  is  now  known  not  to  be  the  case.  Were 
it  so  stimulation  would  involve  a  loss  of  potassium  salts  from  the 
celi,  of  which  there  is  no  evidence  ;  moreover  Hoeber  has  shown 
that  increasing  the  external  concentration  of  potassium  ions  does 
not  reverse  the  direction  of  the  demarcation  current.  The  indi- 
cations  point  strongly  to  the  rapid  and  highly  penetrating  hy- 
drogen  ion  as  the  source  of  the  outer  positive  potential  of  cells  ; 
and  since  acids,  particularly  carbonic  acid,  are  known  to  be  formed 
in  metabolism  and  to  leave  the  celi  during  stimulation,  there 
exists  in  fact  within  the  celi  a  Constant  source  of  hydrogen  ions 
to  account  for  the  characteristic  surface  polarization.  That  such 
a  system  should  show  a  surface  polarization  of  the  above  kindis, 
in  fact,  not  surprising.  The  depolarization  associated  with  stimu- 
lation and  with  the  death  process  implies  the  loss  of  the  polariz- 
ing  electrolyte  from  the  celi  ;  it  has  long  been  known  that  car- 
bonic and  possibly  other  acids  are  evolved  at  such  times  in  greatly 
increased  quantity. 

Proofs  that  the  surface  layer  of  cells  is  unequally  permeable  to 
the  anions  and  cations  of  many  electrolytes  have  been  furnished 
by   the    investigations    of    Hamburger,    Koeppe,    and    Hóber.^ 

*  An  account  of  these  investigations  is  given  in  Hòber's  •*  Fhysikalische  Chemie 
dcr  Zelle,"  pp.  303  scq. 
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These  bave  yielded  the  resultthat  under  the  influence  of  carbonic 
or  other  weak  acids  {i.  e.,  of  H-ions  in  low  concentration)  blood 
corpuscles  give  evidence — by  showing  an  exchange  of  anions 
with  the  surroundings  or  by  characteristic  behavior  in  electrical 
convection  —  of  becoming  much  more  freely  permeable  to  various 
anions  (CI,  Br,  SO^,  HCO,,  NO3)  than  before,  while  the  perme- 
ability  to  cations  appears  unchanged.  Thisincrease  in  permeability 
to  anions  is  readily  reversible  on  removing  the  carbon  dioxide. 
Proof  is  thus  afforded  that  the  permeability  of  cells  to  ions  is  a 
variable  quantity,  which  may  undergo  increase  or  decrease  ac- 
cording  to  circumstances.  The  theoretical  importance  of  a 
demonstration  of  reversible  changes  in  ionie  permeability  is  evi- 
dent  when  we  consider  the  essentiai  ròle  which,  on  the  mem- 
brane theory,  such  changes  play  in  stimulation. 

The  permeability  of  the  living  celi  is  thus  not  a  Constant  factor, 
but  one  subject  to  alteration  under  a  variety  of  conditions.  The 
reversible  changes  induced  by  stimulating  or  inhibiting  agencies, 
whose  respective  action  appears  to  consist  mainly  in  increasing  or 
decreasing  the  normal  permeability,  are  of  particular  physiologi- 
cal  interest.  Alterations  of  permeability  are  also  induced  by  a 
large  class  of  foreign  substances  which  act  directly  upon  the 
plasma-membrane,  Such  are  in  general  :  (i)  The  class  of  lipo- 
lytic  substances  or  organic  fat-solvents  ;  these  directly  affect  the 
lipoids  of  the  plasma-membrane  ;  if  present  in  sufficient  concen- 
tration they  produce  marked  increase  in  the  permeability  of  the 
surface  layer  of  cells.  The  effect  is  conspicuous  in  pigment- 
containing  cells  (erythrocytes,  egg- cells,  etc.)  ;  the  pigment  leaves 
the  cells  and  colors  the  solution  (haemolytic  action  of  fat-solvents). 
Increase  of  permeability  sufficient  to  allow  the  exit  of  colloid 
substances  is  usually  irreversible  and  destructive  to  the  celi.  (2) 
Various  electrolytes  ;  these  affect  primarily  the  aggregation-state 
of  the  colloids.  Neutral  salts  of  alkalì  and  alkali  earth  metals 
produce  largely  reversible  changes  in  permeability  ;  with  salts  of 
heavy  metals,  and  with  acids  and  alkalis  above  low  concentrations 
the  effects  .are  irreversible,  hence  (in  part  at  least)  the  greater 
toxicity  of  this  class  of  electrolytes  ;  alkalis  may  have  also  a 
saponifying  action.  (3)  A  large  and  miscellaneous  class  of  poi- 
sonous  substances  —  cytotoxins,  hiemolysins,  alkaloidsand  gluco- 
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sides  of  various  kinds  (saponin,  solanin,  agaricin,  quillain,  etc); 
these  increase  the  permeability  of  blood  corpuscles,  liberating 
haemoglobin  and  eventually  destroying  the  celi.  Such  substances 
alter  the  plasma-membrane  partly  by  their  action  on  the  Hpoids 
(lipoid-soluble  alkaloids),  partly  by  some  spccific  action  on  the 
proteins,  as  apparently  in  the  case  of  foreign  blood  sera.  (4)  Pho- 
todynamic  substances  (eosin,  fluorescein,  chlorophyll/  etc.)  ;  these 
also  appear  to  act  in  the  light  primarily  on  the  plasma-membrane, 
increasing  its  permeability.  Tappeiner's  observations  *  indicate 
clearly  that  eosin  solutions  first  effect  the  peripheral  layers  of  the 
celi.  Paramsecia  exposed  to  solutions  of  the  dye  in  the  dark, 
washed  free,  and  then  exposed  to  the  light  are  but  little  affected  ; 
blood  corpuscles  show  a  certain  difference  in  behayior  and  allow 
some  entrance  of  the  dye  in  the  dark,  but  haemolysis  is  much 
more  rapid  if  the  corpuscles  are  illuminated  while  in  the  solution, 
than  if,  after  equally  prolonged  treatment  in  the  dark,  they  are 
transferred  to  an  eosin-free  medium  and  then  illuminated  :  i.  e,y 
the  efifect  is  largely  if  not  exclusively  dependent  on  a  surface 
action,  Harzbecker  and  Jodlbauer  ^  find  the  same  general  result 
Microscopical  observation  also  indicates  that  the  initial  stage  of 
the  destructive  action  consists  in  a  disturbance  of  the  osmotic 
equilibrium  betvveen  corpuscle  and  medium,  such  as  would  result 
if  the  semi-permeability  of  the  plasma-membrane  were  abolished. 
The  corpuscles  first  swell,  indicating  entrance  of  water  ;  this  occurs 
before  any  perceptible  entrance  of  the  dye.  P.  v.  Baumgarten  * 
finds  the  same  initial  change  in  the  action  of  haemolytic  substances, 
and  has  referred  haemolysis  primarily  to  a  loss  of  osmotic  equi- 
librium consequent  on  alteration  of  the  surface  layer.  This  view 
is  also  upheld  by  Hamburger."  The  increase  in  permeability,  in 
addition  to  destroying  the  osmotic  equilibrium,  will  naturally 
further  the  entrance  of  the  toxic  substance  and  the  action  will 
then  affect  the  entire  celi.  In  general  toxic  action  must  be  re- 
garded  as  depending  in  many  cases  primarily  on  an  alteration, 
particularly  an  ificrease^  in  the  normal  permeability  of  the  cells. 

^Hausmann,  Biochemische  Zeitschrift^  19091  XVI.,  p.  294. 

*Tappeiner,  Biochemische  Zeitschrift^  1908,  XII.,  p,  290  ;*i^i</.,  XIII.,  p,  I. 

3  Harzbecker  u.  Jodlbauer,  Biochemische  Zeitschrift^  1908,  XII.,  p.  306. 

*P.  V.  Baumgarten,  ibid.^  I908,  XI.,  p.  21. 

*  Hamburger,  loc.  cit.^  voi.  3,  p,  360. 
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Hence  the  haemolytic  action  of  many  toxins  :  the  injury  to  the 
plasma-membranes  is  naturally  not  confined  to  the  blood  cor- 
puscles  —  the  effect  is  merely  most  plainly  evident  in  these  cells  ; 
but  ali  or  most  of  the  cells  of  the  organism  are  to  be  regarded  as 
similarly  affected. 

The  above  substances  produce  irreversible  or  toxic  changes  in 
cells  by  influencing  through  their  chemical  or  solvent  or  coagu- 
lative action  the  permeability  of  the  plasma-membrane.  Essen- 
tially  similar  effects  may  result  in  many  cases  from  moderate  rise 
of  temperature.  Thus  exposure  of  frog's  muscle  to  temperatures 
approaching  40°  for  a  short  time  produces  the  typical  phenome- 
non  known  as  heat-rigor,  in  which  the  muscle  shortens  and 
thickens  while  its  substance  undergoes  complete  coagulation  and 
acquires  a  pronounced  acid  reaction.  A  closely  similar  change 
results  when  a  muscle  is  immersed  in  a  saturated  solution  of  a 
lipoid-solvent  like  chloroform  in  an  indifferent  medium  (e.  g:, 
Ringer's  solution).  In  both  cases  the  changes  in  the  muscle  are 
associated  with  a  loss  of  semi-permeability  and  of  electrical  polari- 
zation  ;  and  they  are  almost  undoubtedly  direct  consequences  of 
this  since  neither  the  moderate  rise  of  temperature  nor  the  pres- 
ence  of  chloroform  has  by  itself  any  such  coagulative  effect  on 
the  colloids  composing  the  muscle  substance  ;  while  loss  of  semi- 
permeability,  with  consequent  disturbance  of  chemical  equilibrium 
and  production  of  acids,  may  readily  produce  just  such  effects.* 
Why  such  moderate  heat  should  so  profoundly  alter  the  proper- 
ties  of  the  plasma-membrane  is  not  evident  at  first  sight  ;  possi- 
bly  the  colloidal  aggregation-state  is  the  condition  immediately 
influenced  by  the  change  of  temperature  ;  possibly  the  primary 
effect  is  a  chemical  one. 

The  above  are  instances  of  artificially  produced  or  pathological 
changes  in  permeability.  Normal  or  functional  changes  in  this 
property  appear  to  be  of  frequent  occurrence  in  iiving  organ- 
isms.  Thus  there  is  highly  conclusive  evidence  that  the  general 
process  of  stimulation  is  dependent  on  a  temporary  and  reversible 
increase  in  permeability.     Very  clear  indications  of  this  kind  are 

*  Compare  my  former  paper,  American  Journal  of  Physiology,  1908,  XXI T.,  pp. 
81-83.  Xttnoii^  Journal  of  Physiology^  1899,  XXIV.,  p.  239,  and  Meigs,  Amer, 
Journ.  PhysioL^  19^9»  XXIV.,  p.  178,  also  regard  heat-rìgor  as  having  no  direct 
connection  with  the  heat  coagulation  of  the  proteins  of  muscle. 
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seen  in  metile  plant  organs.  The  sudden  movements  of  Mimosa 
leaves,  for  example,  result  from  a  loss  of  turgor  of  the  pulvinus 
cells,  due  to  escape  of  cell-sap  —  a  process  which,  as  Sachs  '  long 
ago  pointed  out,  signifies  temporary  increase  in  permeability. 
Since  the  movement  is  induced  by  the  same  stimuli  as  cause 
contractions  in  muscle-cells,  and  since  it  is  accompanied  by  a 
similar  electrical  varìation  or  action -current  (as  Burdon-Sanderson 
first  showed),  the  inference  seems  naturai  that  the  primary  change 
in  the  stimulation  of  animai  cells  is  also  a  temporary  increase  in 
permeability.  It  remains  therefore  to  inquire  how  such  a  change 
could  lead  to  such  seemingly  disproportionate  liberation  of  chem- 
ical  and  mechanical  energy,  I  have  recently  discussed  the  rela- 
tion of  permeability-changes  to  stimulation  in  some  detail  and 
need  not  repeat  in  extenso  the  facts  and  arguments  presented  in 
these  papers.^  Briefly  these  are  as  follows  :  (i)  Artificially-in- 
duced  increase  in  permeability  through  the  action  of  various  elec- 
trolytes,  lipoid-solvents,  or  protoplasmic  poisons,  produces  con- 
traction in  muscle  cells  ;  (2)  the  death  change,  which  is  associ- 
ated  with  an  increase  in  permeability,  produces  the  same  effect  ; 
(3)  the  electrical  change  always  associated  with  stimulation  is  of 
a  kind  indicating  temporary  depolarization  of  the  plasma-mem- 
brane ;  (4)  the  loss  of  irritability  at  the  height  of  stimulation 
(refractory  period)  is  what  should  be  expected  if  the  plasma- 
membrane  becomes  freely  permeable  to  ions  at  such  times  ;  (5) 
there  are  certain  inorganic  phenomena,  showing  remarkably  dose 
analogies  to  stimulation,  where  the  effect  depends  on  dissolution  of 
a  surface-film  (pulsatile  mercury  and  hydrogen  peroxide  catalysis 
of  Bredig  and  his  pupils)  ;  finally  (6)  the  chemical  effects  of  stim- 
ulation—  increased  production  of  carbon  dioxide  with  increased 
acidity  of  the  muscle  substance,  etc. —  receive  a  consistent  ex- 
planation  on  physico-chemical  grounds  if  it  is  assumed  that  with 
the  increase  in  permeability  the  resistance  to  the  escape  of  the 
products  of  oxidation  —  particularly  carbon  dioxide  —  and  hence 
also  to  the  progress  of  the  oxidative  energy-yielding  reaction  is 
suddenly  diminished  ;  the  velocity  of  this  reaction  hence  under- 

>Cf.  Sachs*  **Lecturcson  the  Physìology  of  Plants,"  1882.  English  translalion 
by  Marshall  Ward,  Oxford,  1887,  p.  653. 

^  American  Journal  of  Physiology^  1908,  XXI.,  p.  200;  XXII.,  p.  75;  1909^ 
XXIV.,p.  14. 
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goes  a  corresponding  sudden  increase.  Inhibition  is  to  be  re- 
garded  as  the  inverse  of  stimulation  and  as  dependent  on  stili 
further  decrease  of  the  normal  resting  permeability. 

Other  instances  of  functional  increase  in  permeability  are  ap- 
parently  seen  in  gland  cells  during  periods  of  activity.  Certain 
influences  that  stimulate  or  heighten  the  irritability  of  muscle 
cells,  as  the  action  of  pure  solutions  of  many  sodium  salts,  also, 
according  to  Fischer's  and  J.  B.  MacCallum's  researches  in 
Jacques  Loeb*s  laboratory/  increase  the  permeability  of  the 
kidney  tubules  and  of  the  intestinal  epithelium  ;  the  effect  is 
checked  or  counteracted  by  the  presence  of  calcium  salts,  as  also 
in  the  analogous  case  of  muscular  twitchings  ;  and  according  to 
MacCallum  haemolytic  substances  —  substances  that  increase  the 
permeability  of  blood  corpuscles  —  very  generally  exhibit  a 
diuretic  action,  i.  e,,  increase  the  permeability  of  the  kidney  cells. 
The  fact  that  stimulation  of  a  gland  through  its  nerve,  as  well 
as  of  a  muscle,  has  as  one  of  its  consequences  a  characteristic 
«lectrical  variation  also  indicates  an  increase  in  ionie  permeability 
during  stimulation,  On  the  other  hand,  the  recent  results  of 
Asher^  with  the  sali vary  gland  and  the  liver  do  not  altogether 
bear  out  MacCallum's  interpretation,  but  indicate  that  with  such 
cells  the  specific selective  power  or  *'physiological  permeability" 
is  largely  independent  of  externally  induced  changes  in  physical 
permeability.  The  selective  action  of  gland  cells  appears  indeed 
to  be  their  distinctive  property,  and  this  must  depend  on  work 
performed  by  the  gland  celi.  Nevertheless  alterations  in  physical 
permeability  in  ali  probability  play  an  important  ròle  in  glandu- 
lar  activity,  as  the  conditions  in  the  kidney  indicate,  although  in 
the  case  of  glands  with  highly  developed  selective  properties,  as 
the  mammary  gland  or  the  liver,  this  factor  may  appear  of  subor- 
dinate importance. 

In  a  rhythmically  automatic  tissue  like  cardiac  muscle  the 
phenomena  of  the  action-current  indicate  on  the  above  theory  a 
regular  alternation  of  periods  of  increased  and  decreased  permea- 
bility corresponding  respectively  to  the  contraction  and  the  relaxa- 
tion  phases  of  the  beat.     Similar  rhythmical  changes  in  permea- 

*  University  of  California  Publications,  Physiology,  1904-5,  Vols.  I.,  II. 
*Asher,  loc.  cit. 
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bility  must  be  assumed  to  exist  in  other  tissues  that  show  a 
markedly  periodic  activity,  e.  g,,  automatic  nerve  centers  like  the 
respiratory  center,  or  contractile  structures  like  cilia  and  con- 
tractile  vacuoles.  The  case  of  celi -division,  as  seen  for  example 
in  the  cleavage  of  an  egg-cell,  is  another  instance  of  a  rhythmical 
process  which,  reasoning  from  the  above  considerations,  one  might 
expect  to  find  associated  with,  and  perhaps  conditioned  by,  a 
periodically  recurring  increase  of  permeability.  It  is  in  fact  note- 
worthy  that  conditions  which  produce  increased  permeability  in 
other  cells  —  as  shown  by  their stimulating  or  haemolytic  action  — 
very  generally  initiate  cell-division  in  unfertilized  eggs  ;  such  are 
the  action  of  hypertonic  solutions,  of  specific  chemical  substances 
{weak  acids,  potassium  salts,  alkalis,  various  coagulative,  cyto- 
lytic  and  lipolytic  substances),  of  niechanical  treatment,  of  tem- 
perature changes,  and  of  the  electric  current  under  certain  con- 
ditions.* Loeb,  in  a  remarkable  series  of  experiments  during  the 
past  two  years,  has  shown  that,  in  addition  to  the  class  of  lipoid 
solvents,  such  substances  as  saponin,  solanin,  bile-salts,  soaps, 
foreign  blood  sera — in  general  substances  which,  as  shown  by 
their  haemolytic  action,  increase  the  permeability  of  the  surface 
layers  of  cells  —  may  initiate  cell-division  in  unfertilized  ova.  The 
surface-layer  of  the  ^^'g  first  undergoes  alteration  with  the  sepa- 
ration  of  a  thin  film  —  probably  a  haptogen  membrane  consisting 
mainly  of  protein  material  —  the  fertilization-membrane.  Any 
condition  that  produces  this  characteristic  change  may  lead  to 
cell-division.  The  process  by  which  the  membrane  is  formed  is 
regardcd  by  Loeb  as  of  the  same  nature  as  the  cytolytic  process 
which  follows  more  prolonged  action  of  the  membrane-forming 
solutions.^  Cytolysis,  however,  may  be  simply  a  consequence  of 
loss  of  osmotic  equilibrium,  as  above  seen.  The  significance  of 
the  fertilization-membrane  has  been  the  subject  of  much  discus- 
sion.  The  mere  separation  of  a  thin  film  from  the  egg-surface  is 
probably  an  accessory  or  accidental  feature  of  the  essential  change 
involved  ;  it  seems  clear,  however,  that  one  important  effect  must 
result  from  the  removal  of  such  a  layer  of  material  from  the 

'  Cf.  the  recent  experiments  of  Delage,  Archives  de  zoologie  expèrimentale  tt  gèn» 
rale^  Sér.  4,  T.  9,  1908,  notes  et  revue,  p.  xxx. 

5«Cf.  J.  Loeb,  Biockemische  Zeitschrifty  15,  1909,  p,  269. 
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plasma-membrane  ;  the  latter  is,  temporarily  at  least,  thinned  and 
its  permeability  will  therefore  he  increased.  This  increase  in 
permeability  is,  on  the  present  view,  the  primary  event  in  the  initia- 
tion  of  cell-division. 

Why  should  such  increase  in  permeability  —  granting  that  this 
is  the  primary  change  induced  by  the  above  various  forms  of 
treatment  —  initiate  so  apparently  complex  a  process  as  mitotic 
cell-division  ?  The  main  factors  in  producing  this  effect  are  in  my 
opinion  two  :  first,  a  disturbance  of  chemical  equilibrium  due  to 
an  increase  in  the  rate  at  which  certain  metabolic  products  (prob- 
ably  chiefly  carbon  dioxide)  are  lost  from  the  celi  ;  this  is  an 
effect  similar  to  that  which,  on  the  general  theory  of  stimulation 
outlined  above,  underlies  the  chemical  effect  of  stimulation  in 
muscle  ;  the  precise  effect  of  such  a  change  will  of  course  vary 
from  celi  to  celi.  Second,  a  definitely  localized  increase  in  the 
general  surface-tension  of  the  celi  in  consequence  of  a  loss  or 
lowering  of  the  electrical  surface  polarization. 

If  the  entire  celi  be  regarded  as  a  drop  of  fluid  with  a  distinct 
tension  at  its  boundary  surface,  it  is  apparent  that  a  relative  increase 
in  surface-tension  over  the  general  surface  of  the  two  hemispheres 
combined  with  a  relative  decrease  at  the  equator  would  result  in  a 
drawing  of  the  material  toward  the  two  former  areas  and  away 
from  the  equatorial  region  :  a  division  of  the  drop  into  two  might 
thus  result.  Robertson  has  recently  drawn  attention  to  this  pos- 
sibility,  and  by  a  simple  but  ingenious  experiment  has  shown 
that  a  floating  oil  droplet  may  be  made  to  divide  symmetrically 
into  two  by  locally  lowering  the  surface-tension  along  its  equator 
by  means  of  a  thread  containing  alkali  or  soap  solution.^ 

*  Robertson,    Archiv  fùr  Entwìckhin^smechaniky  27,  1909,  p.  29. 

It  would  seem  that  the  effect  of  locally  increasing  the  surface-tension  would  vary 
wiih  the  niobilìty  or  fluidity  of  the  substance  composing  the  system.  If  the  surface 
layer  possessed  a  high  degree  of  viscosity  approaching  solidity  an  increase  in  surface- 
tension  over  an  equatorial  band-like  area  encircling  the  celi  might  produce  constrìc- 
tion  — just  as  would  occur,  e,  g.^  in  an  inflated  rubber  ball  if  the  tension  were  suffi- 
ciently  increased  about  its  equator.  This  was  BUtschli's  supposition,  which  was  later 
favored  by  Erlanger  and  Conklin  ;  and  by  myself  in  an  early  paper.  Dividing  cells, 
however,  act  very  plainly  like  fluid  systeras  (at  least  in  many  cases,  e.  g.^  starfish  eggs), 
and  there  are  many  theoretical  grounds  for  prefeiring  the.  above  point  of  view  (sce 
below).  If  the  egg  behaves  like  a  drop  of  fluid  the  distri bution  of  surface-tension 
assumed  above  would  produce  the  observed  change  of  form. 
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Itcan  beshown  by  an  application  of  the  Lippmann-Helmholtz 
theory,  connecting  variations  of  surface-tension  with  changes  in 
the  potential  difference  at  the  boundary  surface  between  two 
phases/  that  increase  in  the  ionie  permeability  of  the. plasma- 
membrane  must  result  in  an  increase  in  the  surface-tension  of  the 
celi.  The  originai  theory  of  Helmholtz^  —  that  the  tension  be- 
tween {e,  g,)  mercury  and  the  adjoining  solution  is  maximal  with 
zero  potential  difference,  and  diminishes  as  the  potential  differ- 
ence between  the  phases  increases  —  in  consequence  of  the  static 
charge  effects  at  the  boundary  —  has  required  modifìcation  of 
recent  years,  since  the  specific  effect  of  the  ions  at  the  boundary 
appears,  apart  from  the  potential  difference,  to  modify  the  surface- 
tension.^  Gouy's  *  extensive  studies  have  shown  that  various  sub- 
stances,  including  many  non-electrolytes,  may  modify  the  surface- 
tension  of  mercury.  The  observed  surface-tension  in  any  special 
case  is  thus  dependent  on  (i  )  the  specific  nature  of  the  adjoining 
surfaces  ;  (2)  the  presence  of  foreign  substances  at  the  boundary, 
and  (3)  the  potential  difference  across  the  boundary.  In  view  of 
the  sharply  defined  discontinuity  between  {e,  g.)  an  egg-cell  and 
its  medium  the  two  may  be  regarded  as  separate  phases,*  and  the 
tension  of  the  celi  surface  may  be  justifiably  regarded  as  subject 
to  the  same  laws  as  that  of  the  mercury  surface.  The  nature  of 
the  substances  at  the  boundary  surface  and  the  potential  differ- 
ence across  this  surface  are  thus  the  factors  to  be  considered. 
Although  both  are  imperfectly  known,  certain  facts  seem  well 
established.  The  surface  film  of  cells  contains  fatty  substances 
and  proteins,  both  of  which  have  marked  effects  in  lowering  the 
surface-tension  of  water  ;  they  will  thus,  in  accordance  with 
Gibbs*  principle,  tend  to  collect  at  the  boundary,  and  the  charac- 
teristics  of  the  plasma-membrane  are  no  doubt  largely  due  to  this 

*  Lippmann,  *'  Relations  entre  les  phénomènes  electriqucs  et  capillaires,*'  Annales 
de  chimie  et  de pkysiquty  5me  Sèrie,  T.  5,  1875,  p.  494. 

<  Helmholtz,  **Gesaminelte  Abbandlungen/'  Bd.  I.,  1882,  p.  925. 

•Cf.  S.  W.  J.  Smith,  Philosophical  Transaclions^  Series  A,  1900,  193,  p.  47. 
Also  the  papers  of  Warburg,  G.  Meyer,  and  Paschen. 

*Gouy,  Annales  de  chimie  et  de physique  (7),  voi.  29,  p.  145  ;  (8),  voi.  8,  p.  291, 
and  voi.  9,  p.  75. 

^  The  crìterion  for  regarding  two  contiguous  systems  as  distinct  phases  is  essentially 
that  they  shall  be  bounded  by  a  definite  surface  of  discontinuity  exhibiting  cbaracter- 
istic  energy  relations  (surface  tension,  etc.  ). 
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tendency.  The  presence  of  such  substances  implies  that  the  sur- 
face-tension  of  cells  is  at  least  much  lower  than  that  of  pure 
water  in  contact  with  air  ;  it  will  be  stili  further  lowered  in  con- 
sequence  of  the  electrical  surface  polarization.  The  surface-ten- 
sion  of  protoplasm  is  thus  undoubtedly  very  low,  and  apparently 
under  circumstances  may  become  even  negative  {e,  g,^  formation 
of  pseudopodia)  ;  the  low  value  of  this  tension  is  shown  by  the 
readiness  with  which  minute  portions  of  protoplasm  —  amoebae, 
egg-cells,  leucocytes,  etc. — despite  the  large  ratio  of  surface  to 
volume,  undergo  flowing  and  spreading  movements.  Electrical 
stimulation  produces  rounding  of  amceboid  cells  —  a  result  to  be 
expected  if  the  stimulus  has  a  depolarizing  effect  with  consequent 
increase  of  tension  ;  cold  produces  a  similar  change  of  form  —  a 
consequence,  possibly,  of  the  characteristic  negative  temperature- 
coefficient  of  surface-tension. 

A  part  of  the  low  surface-tension  of  cells  is  to  be  ascribed  to 
the  existence  of  an  electrical  surface  polarization.  The  evidence 
that  this  condition  characterizes  ali  living  cells,  while  largely  in- 
direct  in  the  nature  of  the  case,  must  on  the  whole  be  regarded. 
as  strong  ;  wherever  a  directly  electrical  test  is  practicable  a  po- 
tential  difference  between  exterior  and  interior  of  living  cells  may 
be  shown  to  exist,  with  outer  surface  positive  ;  on  stimulation, 
death  or  injury  this  potential  difference  undergoes  a  decrease. 

The  explanation  why  increase  of  ionie  permeability  produces 
partial  or  complete  depolarization  or  fall  in  the  potential  difference 
between  exterior  and  interior  of  the  celi  is  briefly  as  follows.  It 
is  assumed  that  the  plasma-membrane  represents  a  partition  freely 
permeable  to  the  cations  (probably  hydrogen  ions)  of  certain  in- 
tracellular  electrolytes  (chiefly  carbonic  acid),  but  impermeable  or 
difficultly  permeable  to  the  anions  (assumed  to  be  mainly  HCO3"" 
and  COg^)  and  to  the  undissociated  molecules.  This  means 
that  the  velocity  of  the  cation  is  practically  unmodified  by  the 
membrane  while  that  of  the  anion  is  greatly  reduced.  Under  these 
conditions  there  will  be  a  marked  difference  in  the  concentrations 
of  the  electrolyte  on  opposite  sides  of  the  membrane  ;  the  poten- 
tial difference  between  the  two  solutions  will  be  that  observed 
between  unequally  concentrated  adjoining  solutions  of  an  electro- 
lyte with  ions  of  unequal  velocities.     This  potential  difference  E. 
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according  to  Nemst's  formula  ^  may  be  estìmated  from  the  foUow^ 
ing  values  : 

u^v  RT     c^ 

E^  — r In-, 

u  +  v    ^       c^ 

Generally,  therefore,  the  greater  the  difference  between  the  two 
ionie  velocities  the  greater  the  potential  difference  across  the 
boundary  ;  hence  this  will  be  maximal  with  complete  imperme- 
ability  to  the  anion,  since  then  its  velocity  is  reduced  to  zero  at 
the  membrane  and  u  —  vju  -f-  v  becomes  unity.  Normally,  how- 
ever,  there  is  probably  a  certain  permeability  to  the  anion,  since 
carbonic  acid  is  continually  evolved  from  hving  cells,  although 
slowly  in  a  state  of  rest  ;  the  potential  difference  in  resting  cells 
may  thus  be  supposed  to  approach  but  not  to  reach  the  maxi- 
mum. If  then  the  permeability  undergoes  an  increase  so  that 
anions  may  penetrate  the  membrane  with  considerable  freeness, 
i,  e.,  with  increased  velocity,  the  value  of  «  —  v\u  -f  v  and  also 
of  c^Cy^  will  decrease  ;  the  result  will  be  a  fall  of  the  potential 
difference  across  the  surface.  The  extent  of  this  fall  will  obviously 
depend  on  the  degree  of  the  increase  in  permeability  and  may 
show  a  considerable  range  of  variability. 

With  decrease  in  the  potential  difference  the  surface-tension 
must  undergo  a  corresponding  increase  ;  this  increase  in  surface- 
tension  is,  on  the  present  theory,  the  main  condition  of  the  forni 
change  in  cell-division.  Other  changes  of  form  may  riaturally 
be  similarly  conditioned  ;  irregular  form  changes  are  frequent  in 
unfertilized  eggs  in  which  division  is  induced  by  the  artificiat 
parthogenetic  methods  ;  regular  cleavage  would  require  a  sym- 
metrical  distribution  of  the  areas  of  increased  permeability  with 
reference  to  the  future  cleavage  piane. 

In  agreement  with  the  above  view  of  the  nature  of  the  chemi- 
cal  effects  of  stimulation,  the  initiation  of  the  characteristic  series 
of  chemical  processes  in  cell-division  is  to  be  referred  to  a  dis- 
turbance  of  chemical  equilibrium  in  consequence  of  the  more 
rapid  loss  of  certain  materials,  perhaps  simply  carbon  dioxide, 

*  /?  is  potential  difference  in  volts,  u  velocity  of  cation,  v  that  of  anion,  R  gas 
Constant,  T  absolute  temperature,  q  quanti ty  of  electricity  (coulombs)  carried  by  a 
monovalent  gram-ion,/«  naturai  logarithm,  r,  and  r,  concentrations  of  the  dissociated 
part  of  the  electrolyte  on  opposite  sides  of  the  boundary  surface.  The  ions  are  as- 
sumed  to  be  monovalent  in  this  form  of  the  formula. 
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through  the  now  permeable  plasma-membrane.  According  to 
Lyon's  *  observations  the  carbon  dioxide  production  by  the  divid- 
ing  egg  exhibits  a  rhythmical  increase  and  decrease  running 
parallel  with  the  rhythm  of  cell-division  ;  the  periods  of  increased 
carbon  dioxide  production  probably  correspond  to  periods  of  in- 
creased permeability. 

Such  changes  ought,  on  the  membrane  theory,  to  be  accom- 
panied  by  changes  in  the  state  of  electrical  surface  polarization. 
Experimental  proof  of  the  existence  of  such  changes  is  difficult 
but  probably  not  altogether  impracticable.  Miss  Hyde  has 
attempted  —  using  the  capillary  electrometer,  with  one  electrode 
on  the  blastodisc  of  dividing  fundulus  eggs,  the  other  on  the 
opposite  pole,  —  to  determine  if,  during  celi  division,  any  potential 
difference  makes  its  appearance  between  the  dividing  portion  of 
the  egg  and  its  unaltered  general  surface.*  While  her  resultsare 
not  altogether  unequivocal,  they  do  seem  to  indicate  that  at  or 
about  the  time  of  cleavage  the  outer  surface  of  the  blastodisc 
becomes  negative  relati vely  to  the  general  outer  surface  of  the 
egg  —  i.  e.,  undergoes  a  change  of  potential  similar  to  that  which 
occurs  during  stimulation,  indicating  increased  permeability. 
These  important  and  interesting  experiments  should  be  repeated 
and  confirmed.  There  are  in  fact  various  indications  that  during 
cell-division  the  potential  difference  between  the  exterior  and 
interior  of  the  celi  undergoes  marked  alteration.  The  disposi- 
tion  of  the  colloidal  material  of  the  celi  at  this  time  in  the  char- 
acteristic  radiations  is  strong  confirmatory  evidence  ;  this  phe- 
nomenon  plainly  suggests  the  polarization  of  colloidal  particles  in 
a  strong  electrical  field.  It  is  a  corollary  of  the  above  theory 
that  with  the  appearance  of  an  increased  permeability  —  imply- 
ing  depolarization  of  the  surface  layer  —  the  peripheral  regionsof 
the  protoplasm  must  become  —  for  a  time  at  least,  until  the  poten- 
tials  are  equalized — positive  relati  vely  to  the  interior.  If  the 
voltage  of  the  surface  potential  change  is  comparable  to  that  of 
the  action-C urrentof  muscle,  i,  e,,  ca,  0.05-0.08  volt  (as  is  highly 
probable),  a  potential  gradient  of  considerable  steepness  will  exist 
temporarily,  at  the  time  of  increased  permeability,  between  the 

*E.  P.  Lyon,  American  Journal  of  Physiology^  I904,  XL,  p.  52. 
«L  H.  Hyde,  ibid.^  I904,  XIL,  p.  241. 
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peripheral  and  the  centrai  regions  of  the  protoplasm  ;  this  may 
be  amply  sufficient  to  account  forthe  strìking  change  in  the  con- 
figuration  of  the  cytoplasmic  colloids.'  The  peripheral  layer 
would  become  positive  relatively  to  the  centrai  region  under  the 
conditions  existing  in  such  a  system  as  a  celi  with  a  surface 
polarìzation  of  the  kind  indicated.  If  we  can  draw  safe  infer- 
ences  from  the  cytological  facts  the  astrai  centers  do  in  fact  show 
the  properties  of  negative  regions.*  I  hope  however  to  consider 
the  physiology  of  cell-division  from  theabove  point  of  view  more 
fully  in  a  later  paper.^ 

*  It  may  be  desirable  to  give  bere  tbe  estimate  on  wbich  this  statement  is  based.  If 
we  assume  tbat  the  surface  poteotial  difference  due  to  the  physiological  polarìzation  has 
the  same  vai  uè  as  the  potential  difference  of  the  demarcation  current  of  muscle  {ca,  0.08 
Tolt)  and  tbat  the  fall  of  potential  or  negative  varìation  durìng  cleavage  is  equal  to  that 
of  the  action  current  (ca.  0.05  volt),  we  infer  that  in  the  resting  celi  there  is  a  potential 
difference  between  exterìor  and  interior  equal  to  ca.  0.08  volt.  This  gradient,  beìng  due 
mainly  to  the  unequal  permeability  of  the  plasma-membrane  to  the  two  ions,  exists 
almost  entirely  between  the  inner  and  outer  surfaces  of  the  plasma-membrane  ;  the 
interior  of  the  celi  (cytoplasm)  would  thus  bave  an  almost  uniform  negative  potential 
of  about  this  value  with  little  if  any  fall  between  its  centrai  and  peripheral  regions 
If  now,  in  consequence  of  a  sudden  increase  in  permeability,  the  potential  difference 
across  the  plasma-membrane  decreases  by  0.05  volt,  a  gradient  will  temporarìly  exist 
between  peripheral  and  centrai  regions  of  the  protoplasm  equal  to  this  value,  the  most 
negative  region  being  that  most  remote  from  the  periphery.  A  gradient  of  0.05  volt 
between  the  center  and  the  periphery  of  a  sea-urchin  egg,  diameter  0.072  mm.,  is  a 
gradient  of  0.05  volt  in  0.036  mm.,  t.  e.,  1  volt  in  0.072  cm.  or  about  14  volts  per 
centimeter.  The  assumed  potential  differences  may  be  too  high,  though  they  are  typi- 
cal  of  the  directly  observed  values  in  muscle  cells.  The  change  in  permeability  is  also 
probably  rather  graduai  than  sudden.  At  least  these  considerations  show  that  a  strong 
electrical  fìeid  may  arise  between  centrai  and  peripheral  regions  of  the  celi  under 
the  conditions  assumed.  Of  course  no  such  potential  difference  could  be  main- 
tained  without  the  performance  of  electrical  work  on  the  part  of  the  celi  (assum- 
ing  the  free  movementsof  ions  within  the  cytoplasm);  but  its  existence  for  only  a  few 
seconds  might  well  produce  the  observed  effects.  This  note,  however,  aims  merely 
at  justifying  the  above  statement  in  the  text,  not  at  a  complete  discussion. 

*Cf.  my  paper  in  American  Journal  of  Physiology^  *9o5,  XV.,  p.  46. 

•  In  my  first  paper  dealing  with  the  theory  of  cell-division  (Biolo(ìical  Bulletin,4, 
1903,  p.  175)  the  system  of  astrai  radiations  was  recognized  as  evidence  of  an  electrical 
potential  difference  between  peripheral  and  centrai  regions  of  the  dividing  celi,  and 
the  form  change  was  ascrìbed  to  a  capillary  electrìc  change  of  surface- tension.  The 
tentative  hypothesis  then  presented  to  account  for  the  general  course  of  the  process 
was,  however,  quite  different  from  that  outlined  above,  and,  with  the  exception  of 
certain  details,  will  bave  to  be  abandoned. 
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ON      THE      CONNECTION      BETWEEN      STIMULATION 

AND    CHANGES    IN    THE    PERMEABILITY    OF 

THE  PLASMA   MEMBRANES   OF   THE 

IRRITABLE  ELEMENTS 

EviDENCB  of  a  varied  and  highly  oonclusive 
kind  now  exists  that  the  phenomena  of  stimu- 
lation  in  irritable  or  contractile  tissuea  de- 
pend  primarìly  on  a  temporary  and  leadily 
reversible  increase  in  the  permeability  of  the 
surface  filma  or  plasma  membranes  of  the 
constituent  oeUs  or  elements.  This  evidence 
is  essentially  as  follows. 

1.  Those  motile  organa  and  tisaues  in  pianta 
where  movement  is  due  to  changes  in  the 
turgor  of  the  cells  present  perhaps  the  clear- 
est  case  (osmotic  motile  mechanisms:  sensi- 
tive plants,  DioncBa,  stamens  of  OynaresB, 
etc.).  In  Mimosa  pudica  (a.  g.).  the  move-, 
ment  resulta  directly  from  a  sudden  loss  of 
turgor  in  the  pulvinus  ceUs,  due  to  the  es- 
cape of  a  fluid  containing  considerable  dis- 
solved  matter.  This  efPect  indicates  very 
clearly  a  sudden  increase  in  the  i)ermeability 
of  the  protoplast  in  relation  to  the  dissolved 
Bubstances  of  the  cell-sap.  Movement  in 
these  plants  is  excited  by  the  usuai  stimu- 
lating  agencies  and  is  accompanied  by  an 
electrical  change  or  "negative  variation" 
similar  to  that  observed  in  the  irritable  tis- 
sues  of  animai  during  stimulation  (Burdon- 
Sanderson).  These  conditions  show  (1)  that 
in  resting  cells,  at  least  of  turgid  plants,  the 
normal  state  is  one  of  almost  absolute  im- 
permeability  to  the  dissolved  crystalloid 
substances  within  the  celi  combined  with  free 
permeability  to  water^-otherwise  the  main- 


Digitized  by 


Google 


tenance  of  turgor  would  be  impossible;  and 
(2)  that  during  stìmulation  thìs  semi-perme- 
ability  is  temporarily  loet. 

2.  In  animai  cells  the  evidence  of  increased 
permeability  during  stimulation  is  less  direct. 
That  in  thia  case  also  a  high  degree  of  im- 
permeability  characterizes  the  plasma  mem- 
branes  is  shown  by  the  phenomena  of  plasmol- 
ysis,  by  the  ìnability  of  many  dyes  to  enter 
the  living  celi,  and  by  the  failure  of  many 
dissolved  crystalloid  substanoes  (sugais,  neu- 
trai  salts)  appreciably  to  enter  the  suspended 
celk  in  fluids  like  blood  (Hedin's  researches). 
That  stimulation  is  associated  with  an  in- 
crease  of  permeability  is  indicated  by  the  fact 
that  most  stimulating  agencies  (beat,  various 
chemical  snbstances,  mechanical  action,  elec- 
trical  shocks)  also  visibly  increase  the  per- 
meability of  pigment-containing  cells  like 
blood-corpuscles,  as  shown  by  their  laking 
action.  Direct  evidence  of  increased  perme- 
ability during  strong  stimulation  is  also  seen 
in  certain  favorable  organisms,  e.  g..  Areni- 
cola larvss  (see  below). 

3.  Evidence  that  semi-permeable  mem- 
branes  are  concemed  in  stimulation  is  seen 
in  Nemst's  proof  that  the  stimulating  action 
(«)  of  altemating  currents  decreases  with  an 
increase  in  the  number  of  altemations  per 
second  according  to  an  apparently  quite  definite 
rule  (s^i/y/m,  where  »  =  intensity  of  cur- 
rent  and  m  number  of  altemations).  Thia 
indicates  that  changes  in  ionio  concentration 
at  the  semi-permeable  surfaces  of  the  irritable 
tissue — ».  e.,  at  the  plasma-membranes — are 
an  essential  condition  of  electrical  stimula- 
tion. A  coroUary  of  this  theory  is  that  if 
during  stimulation  the  permeability  is  in- 
creased so  that  the  semi-permeability  of  the 
membranee  temporarily  vanishes,  stimulation 
ahould  become  temporarily  impossible;  the 
exÌBtence  of  a  refractory  period  is  thus  in- 
direct,  but  strong  evidence  of  a  marked  in- 
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crease  in  ionio  permeability  at  the  height  of 
stimulation. 

4.  The  assumption  that  stimulation  Ì8  as- 
sociated  with  an  increase  in  the  permeability 
of  the  semi-permeable  membranes  ako  ex- 
plains  the  characteriatic  electrieal  phenomena 
of  irritable  tiasues.  li  the  irritable  element, 
e.  g.,  muscle-cell,  be  regarded  aa  a  conoen- 
tration-element  in  which  the  potential-difFer- 
ence  between  exterior  and  interior  is  due  to 
a  separation  of  ions  at  the  plasnja  membrane, 
which  Ì8  assumed  to  be  readily  permeable 
during  rest  to  certain  eations  (probably 
hydrogen  iona)  but  not  to  anions  (Oatwald- 
Bematein  "  membrane-theory  ") — ^the  audden 
fall  of  the  demarcation-current  potential 
during  atimulation  (negative  variation  or 
action-current)  ia  at  once  ezplained  by  aa- 
auming  that  at  thia  time  the  membrane  be- 
comes  freely  permeable  alao  to  anione. 
Free  permeability  to  iona  during  atimulation 
is  indicated  by  the  refractory  period,  aa  ai- 
ready  pointed  oul  The  increaae  in  perme- 
ability following  death  or  injury  ia  accom- 
panied  by  an  electrieal  change  aimilar  to 
that  aaaociated  with  atimulation — a  fact  which 
again  aupporta  the  view  that  permeability  ia 
temporarily  increaaed  during  stimulation. 

6.  A  dose  inorganic  parallel  to  certain 
characterìatic  phenomena  of  atimulation  ia 
aeen  in  the  pulaating  mercury  hydrogen  per- 
oxide  catalysia  of  Bredig  and  hia  coUabora- 
tora.  The  electrieal  rhythm  accompanying 
the  rhythm  of  oxygen-evolution  has  been 
ahown  by  AntropofF  to  run  parallel  with  the 
f ormation  and  diaaolution  of  a  eurface-film  of 
mercury  peroxidate.  Here  we  bave  apparently 
an  actual  instance  of  a  rhythmical  change  of 
potential  which  ia  due  to  rhythmical  altera- 
tion  of  a  aurf ace-film  ;  the  marked  reaemblance 
in  time-relationa  and  in  other  re8X)ect8  to 
many  rhythmical  proceaaea  in  organisma  aup- 
porta the  view  that  a  aimilar  surface-change  is 
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the  basis  of  the  electrical  variations  accom- 
panying  automatìc  rhythmical  stimulation  in 
living  tissues.  The  alternate  formation  and 
dissolution  of  the  film  over  the  mercury 
surface  woxild  correspond  respectively  to  the 
alternate  decrease  and  inerease  of  permeabil- 
ity  in  the  living  cells. 

The  following  special  observations  and  ex* 
periments,  made  chiefly  during  the  past  sum- 
mer  at  Woods  Hole,  furnish,  it  is  believed» 
strong  confirmatory  evidence  of  the  truth  of 
the  above  general  view.  The  organisms  used 
were  the  larv»  of  the  annelid  Arenicola  cm- 
iata,  which  are  readily  obtainable  in  largo 
quantity  at  Woods  Hole.  These  are  bi- 
trochal  lary»  co.  0.8  millimetera  in  length 
with  three  setigerous  body-segments  ;  they 
ewim  actively  by  their  cilia,  showing  pro- 
nounced  positive  phototazis,  and  bave  a  well- 
developed  muscular  system;  and  the  cells  are 
lemarkable  for  containing  large  quantities  of 
a  water-soluble  yellow  pigment.  Thia  sul^- 
stance  serves  as  an  index  of  inereased  perme- 
ability  by  diffusing  at  such  times  f  rom  the  cells 
and  coloring  the  medium;  such  loss  of  pig- 
ment occurs  during  intense  stimulation,  after 
death,  or  under  the  influence  of  cytolytio  sub- 
stances  (chloroform,  eie),  but  not  during  the 
normal  activities  of  the  animai;  the  phenom- 
enon  indicates  therefore  an  abnormally  great 
ìncrease  of  permeability. 

When  Arenicola  larv»  are  transferred 
from  sea-water  into  pure  isotonic  solutions  of 
yarious  alkali  and  alkali-earth  salta  (0.  g,, 
NaCl,  KCl,  NH,C1,  LiCl,  CsCl,  RbCl,  SrCfl^ 
BaCl,)  they  contract  strongly  to  almoet  half 
the  normal  length  and  remain  contracted  for 
several  seconds.  During  this  interrai  the  yel- 
low pigment  diffuses  freely  from  the  cells  and 
colora  the  solution.  Isotonic  Cad,  and 
MgCl^  on  the  other  band,  bave  no  such  in- 
tense stimulating  action  and  cause  no  loss  of 
pigment;  in  these  solutions  the  larv»  remain 
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8traiglit  and  eztended  and  muscular  movo* 
menta  cease  (anesthethic  action).  Addìtion 
of  a  little  CaCl,  (1  volume  m/2  CaCl,  to  24 
volumes  m/2  NaCl)  to  isotonic  NaCl  solution 
prevents  the  initial  stimulating  action  of  the 
pure  Balt  and  at  the  same  time  the  Iosa  of 
pigment;  in  this  mized  solution  larvsB  rema  in 
living  and  active  for  greatly  prolonged 
perioda  (antitozic  action  of  Ca  iona).  Both 
the  stimulating  action  and  the  toxicity  of  the 
pure  aodium  aalt  are  thua  aaaociated  with  a 
marked  increaae  of  permeahility  ;  if  thia  last 
ia  checked,  aa  hy  the  presence  of  appropriate 
hivalent  cations  (Ca,  Mg,  etc.),  the  two 
former  efPecta  also  diaappear.  Solutions  of 
MgCl,  and  aimilarly  acting  aalta  and  anes- 
thetics  appear,  on  the  contrary,  to  decrease 
the  normal  permeahility.  Stimulation  ia  thua 
aaaociated  with  an  increaae  and  inhihition 
with  a  decreaae  of  permeahility. 

The  electrolytea  affect  permeahility  preaum- 
ably  hy  influencing  the  atate  of  aggregation 
of  the  colloids  compoaing  the  plasma  mem- 
brane. The  conaiatency  of  the  latter  may 
also  he  changed  by  altering  the  condition  of 
ita  lipoid  constituenta.  It  was  found  that 
relatively  atrong  aolutiona  of  lipoid-aolventa 
in  aea-water,  or  even  in  m/2MgCl,  aolution 
(one  half  to  one  third  aaturated  chloroform; 
aaturated  ether  or  benzole),  also  produce 
atrong  muacular  contractions  accompanied  by 
Iosa  of  pigment.  Solutiona  of  thia  concen- 
tration  are  rapidly  deatructive  to  the  larvsB; 
in  lower  concentrationa  the  lipoid-aolventa 
bave  the  oppoaite  action,  checking  activity 
(aneathetic  action)  without  stimulation  or 
Iosa  of  pigment.  In  general,  the  lipoid-aol- 
venta in  low  concentration  appear  to  decreaae 
permeahility  and  henoe  temporarily  to  auapend 
activity  without  tozic  action  (aneatheaia)  ;  in 
higher  concentrationa  they  atimulate  atrongly, 
cauae  viaible  increaae  of  permeahility,  and 
show  pronounced  toxicity.    It  would  thua  ap- 
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pear  that  marked  increase  of  permeabilily,  if 
prolonged  for  more  tlian  a  short  time,  is 
highly  injuriouB  to  cella— presumably  on  ac- 
count of  the  difPusion  of  essential  protoplasmic 
constituents  to  the  exterior  and  the  resultine 
chemical  disorganization.  Decrease  of  per- 
meability,  on  the  other  hand,  can  have  no  such 
injurious  efFect,  but  merely  checks  inter- 
change  of  material  aerosa  the  plasma  mem- 
brane for  the  time  being. 

In  isotonic  sugar  solutions  muscular  con- 
tractility  is  gradually  lost  On  transfer  to 
solutions  of  various  electrolytes  contrac- 
tions  return.  Of  the  pure  solutions  of  the 
alkali  salta  the  most  favorable  in  restoring 
contractility  are  those  of  sodium  ;  lithium  and 
Cflosium,  while  less  favorable,  resemble  sodium 
in  their  general  action;  rubidium  and  i>otas- 
sium  produce  temporary  contractions,  but  are 
much  more  toxic  than  the  others.  The  order 
of  increasing  favorability  for  the  cations  is 
thus:KandRb<NH,<Li<C8<Na.  The 
various  sodium  salta  vary  in  their  action  ac- 
cording  to  the  nature  of  the  anion;  the  order 
of  increasing  favorability  for  anions  is: 
I<Br<NO,  (and  010.)  <C1<HP0,<C,H,0.< 
SO,<0OO0H^  Of  the  alkali  earth  chlorides 
MgOl,  produces  no  return  of  contractions  ; 
GaCl,  and  SrCl,  cause  slight  contractions 
lasting  some  time;  BaCl,  almost  immediately 
destroys  ali  muscular  contractility. 

In  ezplanation  of  the  above  efPects  it  is  as- 
sumed  that  in  the  non-electrolyte  solution  the 
normal  permeability  is  decreased;  hence  the 
inhibitory  or  anesthetic  action.  The  above 
electrolytes,  by  their  action  on  the  colloids  of 
the  plasma  membrane,  increase  the  permea- 
bility of  the  latter  and  so  stimulate.  On  this 
interpretation,  ariff  substance  which  altera  the 
plasma  membrane  in  the  direction  of  in- 
creased  permeability  should  ipso  facto  restore 
contractility  in  larvsB  from  sugar-solution. 
It  was  found  that  weak  solutions  of  acida 
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(HCl,  H,SO^  HCOOCH,  in  concentrations 
of  n/3,200  to  n/12,800)  in  isotonic  sugar  Solu- 
tions restore  almost  normal  contractions  for 
a  certain  time.  Acid  causes  also  marked  in- 
crease  in  the  state  of  tonic  muscular  contrac- 
tion. Alkali,  on  the  other  hand,  has  little 
power  of  restoring  oontractility,  and  induces 
decrease  of  muscular  tone  or  lengthening. 
Weak  acid  thus  appears  to  increase  and  alkali 
to  decrease  the  permeahility  of  the  plasma 
memhranes  in  larvsB  from  sugar  solution. 

Ezperiments  on  the  influence  of  different 
electrolytes  in  restoring  contractility  in  larv» 
from  isotonic  MgCl,  solution  gave  results  es- 
sentially  similar  to  the  ahove,  with  the  difFer- 
ence  that  the  restorations  of  contractions  hy 
pure  Solutions  of  the  ahove  electrolytes  is,  as 
a  rule,  less  readily  efPected.  Presumahly 
MgGl,  Solutions  decrease  the  normal  permea- 
hility to  a  greater  degree  than  sugar;  anes- 
thesia  appears  more  rapidly  and  is  more  pro- 
found  in  solutions  of  this  salt  than  in  those 
of  dextrose  or  other  sugar. 

The  question  why  increase  of  permeahility 
should  correspond  to  stimulation  and  de- 
crease to  inhihition  is  answered  in  essentially 
the  following  manner.  It  is  assumed  that 
during  perioda  of  increased  permeahility  the 
loss  of  carhon  dioxide  from  the  celi  will  he 
more  rapid  than  normal;  the  energy-yielding 
oxidative  reactions  of  which  this  suhstance  is 
the  end-product  are  thus  accelerated  as  a 
direct  consequence  of  the  increased  rate  of 
removal  of  the  reaction-product  from  the 
system;  hence  the  increased  contractìle  ac- 
tivity  or  other  energy  manifestation  during 
stimulation.  Gonversely,  decrease  of  the 
normal  permeahility  meana  decreased  loss  of 
carhon  dioxide  and  hence  retarded  oxidation 
and  energy-production  ;  stimulation  is  more 
difficult  at  such  times  hecause  of  the  greater 
difficulty  of  increasing  the  permeahility  to  the 
criticai  degree  required.     This  general  view 
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ascribes  primary  importanoe  to  the  plasma 
membrane  as  probably  the  chief  means  by 
which  the  velocity  of  the  oxidative  energy- 
yieldìng  reactions  in  the  celi  is  varied.  The 
promptness  and  vigor  of  the  responso  to 
stimulation  in  highly  irritable  and  active 
tissues  like  miiscle  are  to  be  regarded  simply 
as  evidence  of  the  high  velocity  with  which 
the  energy-yielding  process,  when  unimpeded 
by  the  accumulationi  of  reaction-products, 
proceeds  in  such  celle.  The  grounds  of  this 
high  velocity  are  imperfectly  understood  at 
present.  If  we  assume,  however,  that  the  re- 
actions in  the  living  celi  progress  rapidly  to 
equilibria,  and  that  in  the  resting  celi,  with 
a  plasma  membrane  ofPering  considerable  re- 
sistance  to  the  passage  of  CO^  a  condition  of 
approximate  chemical  equilibrium  prevails — 
it  is  clear  that  any  disturbance  of  equilibrium, 
as  by  a  more  rapid  removal  of  reaction-prod- 
ucts  (i.  e.,  CO,),  must  be  followed  by  a  cor- 
responding  prompt  acceleration  of  the  reac- 
tion concemed.  Such  a  system  would  respond 
to  variations  in  the  rate  of  removal  of  CO, — 
».  e.,  to  variations  in  permeability — in  a  man- 
ner  which  under  favorable  conditions  might 
well  be  very  sensitive. 

The  positive  electrical  variation  during  in- 
hibition  (Qaskell) — as  well  as  the  negative 
during  stimulation — receives  consistent  expla- 
nation  on  the  membrane-theory  if  the  polar- 
izing  electrolyte  is  assumed  to  be  carbonio 
(with  possibly  other)  acid.  For  further  dis- 
cussion  the  reader  is  referred  to  the  complete 
paper  in  the  American  Journal  of  Physiology, 
Volume  24,  Aprii,  1909,  page  14. 

Ralph  S.  Lillib 

Mabinb  Biolooical  Labobatobt, 
WooDB  HoLE,  Mass., 
June  15,  1909 


Digitized  by 


Google 


THE  DEVELOPMENT  OF  THERIDIUM,  AN  ARANEAD,  UP 
TO  THE  STAGE  OF  REVERSIOK 

BY 

TIIOS.  II.  MONTGOMERY,  Jr. 

WiTH   ElGHT  PlATES. 

CONTENTS. 

PAOS 

Introductlon  and  Methods 298 

I.  Observations 299 

1.  The  Cleavage  up  to  Gastrulation 299 

2.  The  Earlier  Part  of  the  Gastrulation 302 

3.  The  Later  Part  of  the  Gastrulation  303 

4.  Stage  of  the  Protozonites   308 

5.  Stage  of  1  to  2  Abdominal  Segments 310 

6.  Stage  of  3  to  5  Abdominal  Segments 311 

7.  Stage  of  the  Early  Abdominal  Appendages 312 

8.  Stages  Immediately  Preoeding  Reversion 316 

9.  The  Stage  of  Reversion  320 

10.  The  Germ  Cells   325 

II.  Summary  of  Observations  with  Ck)mpari8on  of  the  Literature 326 

11.  Cleavage  up  to  Gastrulation 326 

12.  Gastrulation  and  Formation  of  the  Gemi  Layers T . . .  328 

13.  Segmentation  and  Appendages  of  the  Cephalothorax 332 

14.  Segmentation  and  Appendages  of  the  Abdomen 330 

15.  Growth  DifPerences  of  Cephalothorax  and  Abdomen 339 

16.  Central  Nervons  System 340 

17.  Blood  Cells  and  Ileart  342 

18.  The  Germ  Cells   344 

19.  Movement  of  Parts  during  Differentiation 344 

Literature  List 349 

Explanation  of  Plates  I-VIII 351 

The  Jouunal  of  Morì'hology. — V'ol.  XX,  No.  2. 


Digitized  by 


Google 


298  Thos.  H.  Montgomery. 

Intboduction  Ain>  Methods. 

This  paper  presente  an  account  of  the  morphological  changes  dur- 
ing  the  ontogeny  of  Theridium  tepidariorum  C.  Koch,  from  the  time 
of  cleavage  to  the  reversion  of  the  embryo.  The  considerable  gaps 
in  our  knowledge  of  this  period  of  development  of  the  spider  and 
the  conflicts  of  opinion  of  previous  observers,  particularly  with  regard 
to  the  formation  of  the  germ  layers,  seemed  to  make  this  study  worthy 
of  the  undertaking.  In  the  comparisons  drawn  with  the  results  of 
others  I  bave  limited  myself  almost  entirely  to  the  lìterature  on 
araneads  and  bave  not  considered  that  hearing  on  other  arachnids, 
for  I  bave  had  more  interest  in  the  ontogenetic  processes  than  in  the 
phylogenetic.  Further,  I  bave  not  treated  the  literature  previous  to 
the  classical  memoir  of  Claparède  in  1862.  Those  papere  publisbed 
by  Salensky  and  Morin  in  Kussian  I  could  not  read,  but  bave  had  to 
rely  upon  reviews,  so  that  I  may  not  bave  done  full  justice  to  these 
writers. 

Ali  my  embryological  material  I  bave  secured  from  spiders  kept  in 
captivity  at  the  Woods  Hole  Marine  Biological  Laboratory  during 
the  summer  of  1906,  and  bave  been  able  to  get  complete  and  accu- 
rately  timed  series  of  stages  with  comparative  ease. 

Ali  the  eggs  within  a  given  cocoon  are  of  approximately  the  same 
age.  The  fixing  fluid  that  proved  the  most  satisf  actory  was  that  intro- 
duced  by  Camoy  :  glaeial  acetic  acid,  absolute  alcobol  and  cbloroform 
in  equal  parts,  with  corrosive  sublimate  to  excess.  The  cocoons  were 
opened,  the  eggs  dropped  into  this  mixture  and  left  in  it  from  one  to 
two  bours.  By  this  method  nuclear  structure  and  mitotic  figures  are 
generally  «xcellently  preserved,  as  well  as  the  eytoplasmic  structure. 
The  yolk,  on  the  other  band,  becomes  generally  coagulated,  sometimes 
into  a  bomogeneous  mass,  also  from  the  stage  of  about  nineteen  bours 
up  to  about  the  reversion  a  yolk  extraovat  is  generally  produced  in 
the  extraembryonic  area.  Those  disadvantages  mattered  little,  how- 
ever,  for  I  bave  not  given  particular  attention  to  the  yolk  changes. 
After  the  preservation  the  eggs  can  be  cut  with  relative  ease,  for  the 
yolk  does  not  become  brittle. 

Stained  mounts  of  wbole  eggs  are  most  necessary,  and  beautifully 
clear  preparations  were  made  as  f ollows  :  After  fixation  and  bardening 
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the  chorion  was  removed  with  needles,  the  egg  then  overstained  in 
Delafield's  haematoxyline.  Destaining  was  then  carried  out  in  acid 
alcohol  until  the  egg  became  a  pale  pink  color,  with  ali  stain  removed 
f rom  the  yolk  and  cy toplasm  ;  xylol  was  used  f or  clearing  and  Canada 
balsam  for  mounting.  When  the  ectoblast  has  secreted  a  cuticula,  as 
at  the  time  of  reversion,  it  is  necessary  either  to  stain  longer  or  else 
to  reraove  a  portion  of  the  embryo  with  a  scalpel,  so  as  to  allow  satis- 
factory  penetration  of  the  stain.  For  sectioning  the  chorion  was 
removed,  the  embryo  stained  in  eosin  in  the  absolute  alcohol  used  for 
dehydration  (so  as  to  make  it  clearly  discernible  in  the  paraffine),  and 
cleared  in  xylol.  Serial  sections  were  cut  7  micra  thick,  and  these 
stained  with  either  Delafield's  haemotoxyline  or  iron  haemotoxyline 
foUowed  by  eosin.  The  embryos  were  so  imbedded  in  rows  that  sev- 
eral  could  be  cut  at  once,  whereby  sections  in  ali  desirable  planes 
could  be  quickly  secured.  I  bave  mentioned  these  methods  somewhat 
in  detail,  for  eggs  of  spiders  bave  generally  been  considered  difficult 
to  treat. 

Theridium  tepidariorum  is  an  exceptionally  favorable  form  for 
study,  because  timed  stages  are  secured  with  facility,  the  females 
being  easily  kept,  and  the  eggs  are  conveniently  small. 

1.  Observations. 
1.  The  Cleavage  Up  to  Oastrulation. 

The  first  cleavage  spindle  is  fouiid  at  from  3  to  4  hours  after  ovi- 
position;  the  two-cell  stage  at  from  4  to  5i/^  hours,  and  the  four-cell 
stage  at  from  6  to  7  hours. 

In  PI.  I,  Fig.  1,  is  seen  the  anaphase  of  the  first  cleavage,  the  com- 
mencement  of  the  two-cell  stage.  The  daughter  nuclei  lie  each 
adcentral  within  a  mass  of  cytoplasm,  and  these  centrai  cytoplasmic 
masses  are  connected  with  the  thin  peripheral  layer  (blastema)  by  a 
network  of  delicate  strands  coursing  between  the  yolk  columns.  In 
the  figure  indicated  only  a  few  of  the  coarser  of  these  strands  are 
shown,  for  most  of  them  are  too  delicate  to  be  shown  at  this  scale  of 
magnification.  My  account  of  the  fertilization  (1907)  explained  how 
this  protoplasmic  arrangement  comes  about;  how  the  young  oocyte 
contains  dense  cytoplasm  from  the  center  to  the  periphery,  and  how 
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by  the  deposition  of  the  yolk  the  cytoplasm  becomes  f orced  into  those 
positions  not  occupied  by  the  yolk.  Accordingly,  in  the  stage  of  Fig. 
1  cytoplasm  is  probably  present  everywhere  between  yolk  spheres, 
though  for  the  most  part  in  minimal  amount.  The  peripheral  blas- 
toma is  present  throughout  cleavage  and  does  not  become  marked  into 
celi  territories  until  ali  the  cleavage  cells  bave  moved  into  it;  the 
areas  it  exhibits  on  surface  views  are  simply  impressions  due  to  the 
underlying  yólk  spherules. 

The  early  four-cell  stage  is  presented  in  Fig.  2,  with  the  nuclei  a 
little  further  apart  from  the  centre  of  the  egg.  Fig.  3  shows  an  eight- 
cell  stage  (7^/^  hours)  ;  this  drawing  is  a  combination  from  a  series 
of  sections,  and  only  the  superficial  blastoma  {Cyt)^  the  eight  cleav- 
age cells  and  certain  supernumerary  sperm  nuclei  (8p)  are  shown; 
those  cells  in  the  upper  half  of  the  egg  are  shaded,  those  of  the  lower 
hemisphere  shown  in  profile  only.  Fig.  4  represents  a  portion  of  one 
section  of  the  same  egg.  Polyspermy  is  f  requent,  as  I  described  in  niy 
account  of  the  fertilization,  though  only  one  sperm  nucleus  passes 
to  the  center  of  the  egg  to  become  a  male  pronucleus,  the  others  al- 
ways  reinaining  at  the  periphery.  Later  than  the  stage  when  the 
cleavage  nuclei  bave  reached  the  surface  I  bave  been  unable  to  distin- 
guish  such  accessory  sperm  nuclei  with  certainty,  and  cannot  teli 
whether  they  take  part  in  the  formation  of  the  blastoderm. 

The  sixteen-cell  stage  occurs  in  eggs  aged  from  8  to  10^^  hours  after 
oviposition.  AH  the  nuclei  of  such  a  stage,  each  in  the  metaphase 
of  mitosis,  are  shown  in  Fig.  5,  a  reconstruction  from  a  series  of  sec- 
tions (like  Fig.  3).  The  cleavage  cells  bave  moved  stili  nearer  the 
surface,  as  shown  best  in  Fig.  6,  a  portion  of  a  single  section.  I  bave 
not  attempted  to  draw  the  separate  yolk  globules  from  this  stage  on, 
for  after  the  action  of  the  fixative  employed  the  yolk  generally  coagu- 
lates  into  a  more  or  less  homogeneous  mass.  Stili  another  action  of 
this  fixative  is  to  be  seen  from  this  stage  on,  the  formation  of  a  centrai 
fluid  cavity  {Cav.,  Fig.  6),  but  since  this  is  found  at  only  a  particu- 
lar  stage  it  is  probably  not  an  artif act.  But,  though,  after  this  method 
of  preservation  the  yolk  often  ,becomes  greatly  changed  from  the 
naturai  condition,  the  c^llular  structurcs  are  shown  with  the  greater 
cleamess  and  fidelity.     As  the  cleavage  progresses  the  cells  on  near- 
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ing  the  egg  surface  draw  with  them  the  intravitellar  eytoplasmic 
network. 

The  thirty-two-cell  stage  (11  hours)  is  represented  in  Fig.  7,  a 
reconstruction  from  serial  seetions  (made  like  Figs.  3  and  5)  ;  some 
of  the  seetions  were  broken  and  only  thirty  nuclei  could  be  found. 
None  of  the  cleavage  cells  have  yet  reached  the  egg  surface.  Inequal- 
ity  in  the  rate  of  celi  division  is  commencing,  for  while  a  few  nuclei 
are  in  the  rest  stage  most  of  them  are  in  mitosis. 

A  stage  of  12  hours  with  from  sixty  to  seventy  cells  is  shown  in 
Fig.  8,  a  surface  view  of  one  hemisphere  of  the  egg.  Few  of  the 
cells  are  quite  at  the  surface,  but  ali  of  them  dose  to  it;  this  is  the 
earliest  cleavage  stage  at  which  the  cleavage  cells  can  be  distinctly 
seen  on  whole  mounts.  The  heavy  line,  Cav.  B,  marks  the  boundary 
of  the  centrai  fluid  cavity.  The  cells,  stili  without  separating  walls, 
are  connected  by  delicate  branching  processes.  ^ 

The  next  stage  is  that  of  the  early  blastoderm  with  ali  the  cleavage 
cells  at  the  surface.  The  one  figured  is  of  the  age  of  11%  hours,  but 
from  this  time  on  the  age  is  no  true  gauge  of  the  stage.  A  surface 
view  of  one  hemisphere  is  drawn  in  Fig.  10,  and  a  segment  of  a  single 
section  in  Fig.  9.  The  cells  are  fairly  evenly  distributed  on  the 
periphery,  not  noticeably  more  numerous  on  any  one  pole  than  at 
another,  and  number  about  140.  It  is  to  be  noted  that  no  cleavage 
cells  remain  within  the  yolk. 

The  movement  of  cells  toward  the  surface  is  a  peripheral  move- 
ment  of  the  whole  intravitellar  cytoplasm,  so  that  when  the  celi 
bodies  have  merged  with  the  blastoma  eytoplasmic  threads  penetrate 
for  only  a  short  distance  into  the  yolk  (Fig.  9). 

Fig.  11  exhibits  on  surface  view  a  hemisphere  of  an  egg  of  14  hours, 
a  stage  of  about  300  cells.  The  celi  bodies  are  beginning  to  project 
slightly  above  the  surface  of  the  egg. 

The  next  stage  shows  the  beginning  of  the  segregation  of  the 
ventral  germ  disc  or  embryonic  region  (ventral  piate),  which  is 
characterized  by  a  greater  number  of  cells,  while  the  extraembryonic 
(dorsal)  area  possesses  fewer  cells.  PI.  II,  Fig.  12,  is  a  lateral  sur- 
face view  showing  173  cells  on  this  side,  the  total  number  of  cells 
being  about  250;  and  Fig.  13  is  a  section  of  the  germ  disc.     Now 
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for  the  first  time  appear  distinct  celi  membranes,  for  heretofore  the 
cleavage  cells  lacked  them  ;  these  membranes  arise  by  the  cells  coming 
into  mutuai  contact  coincident  with  the  shortening  of  their  fibers. 
Consequently,  celi  membranes  are  produced  first  at  the  ventral  pole, 
gradually  they  develop  upon  ali  cells  of  the  germ  disc  as  these  cells 
multiply  and  become  more  crowded.  But  the  extraembryonic  cells 
remain  membraneless  until  well  past  the  gastrulation  period,  thus 
retaining  the  character  of  early  cleavage  cells. 

The  establishment  of  the  germ  disc  seems  due  to  two  factors:  (1) 
Mainly  to  a  more  rapid  multiplication  of  cella  at  the  ventral  pole,  as 
shown  by  their  becoming  progressively  smaller  there;  and  (2),  to 
less  extent,  by  movement  of  cells  toward  that  pole,  shown  by  the  cells 
becoming  less  numerous  on  the  dorsal  hemisphere. 

2.  The  Earlier  Pari  of  the  Gastrulation. 

The  beginnings  of  the  blastopore  are  found  in  eggs  aged  from  21 
to  30  hours,  when  the  blastoderm  contains  from  400  to  500  cells.  On 
unstained  germ  discs  viewed  in  alcohol  there  appears  an  eccentric 
whitish  spot  {Cum.  A,  PI.  II,  Fig.  18),  and  this  spot  later  includes 
a  small  pit  (Fig.  23)  ;  on  stained  preparations  this  shows  darker  than 
the  remainder  of  the  germ  disc  (Figs.  15,  22).  This  spot  is  the 
first  region  of  celi  immigration,  whereas  the  remainder  of  the  germ 
disc  is  one-layered.  It  is  always  eccentric,  and  the  margin  of  the 
germ  disc  nearest  to  it  will  become  the  posterior  or  caudal  region  of 
the  embryo  ;  theref ore,  with  its  appearance  there  can  be  distinguished 
for  the  first  time  anterior  and  posterior,  as  well  as  right  and  left. 
For  convenience  this  may  be  called  the  "anterior  cumulus"  {Cura.  A 
of  the  figures),  sinee  a  second  or  "posterior  cumulus"  will  later  arise 
behind  it. 

A  section  of  the  earliest  stage  of  the  anterior  cumulus  of  an  egg 
of  21  hours  is  shown  in  PI.  II,  Fig.  14;  two  cells  bave  moved  be- 
neath  the  blastoderm  in  consequence  of  vertical  mitosis.  In  an  egg 
of  24  hours  about  eight  cells  bave  invaginated;  Fig.  15  is  a  ventral 
view  of  the  germ  disc  with  about  417  cells  (but  its  total  number  of 
cells  is  somewhat  greater,  for  a  portion  of  the  disc  lies  on  the  other 
surface  of  the  egg)  ;  Figs.  16  and  17  exhibit  the  anterior  cumulus 
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on  cross  sections.  From  the  start  this  cumulus  shows  a  pit-like  de- 
pression,  not  a  linear  groove,  the  gastrocoel  (Gast,  Fig.  16)  ;  this 
deepens  as  the  gastrulation  proceeds.  Fig.  19  is  a  cross  section  of 
a  stage  in  which  twelve  to  thirteen  cells  have  pushed  in  ;  Figs.  20  aud 
21,  of  one  with  about  twenty-five  invaginated  cells,  and  Figs.  22-26 
of  a  stili  later  stage,  when  the  genn  disc  contains  more  than  600 
cells.  This  gastrulation  process  is  a  doublé  one:  (1)  By  vertical 
mitoses  of  cells  of  the  region  of  the  cumulus,  and  (2)  by  inrolling  of 
cells,  else  a  gastrocoel  could  not  be  formed.  The  pressure  of  the  yolk 
causes  the  gastrocoel  to  remain  a  rather  shallow  pit. 

AH  the  cells  of  the  germ  disc  retain  short  processes  penetrating 
into  the  yolk,  these  being  the  last  remnants  of  the  former  intravitellar 
mesh.  But  those  cells  that  invaginate  develop  longer  processes  and 
become  more  irregular  in  form  (Figs.  17,  19,  21,  24,  25).  The 
innermost  of  the  invaginated  cells  begin  to  separate  from  the  othcrs 
and,  as  the  earliest  yolk  cells,  vitellocytes,  to  wander  into  the  yolk 
(Figs.  21,  24,  25).  These  cells  are  larger  than  those  on  the  surface 
of  the  gerra  disc,  they  are  assimilating  yolk  more  rapidly,  and  f or  the 
most  part  posscss  also  larger  nuclei. 

At  its  periphery  the  germ  disc  is  not  sharply  delimited  from  the 
extraembryonic  area  (Figs.  15,  22);  as  its  cells  increase  by  mitosis 
they  become  more  crowded  together,  whereby  their  celi  membranes 
appear  more  distinct,  their  intercellular  processes  shorter  and  thicker, 
and  they  come  to  project  more  above  the  surface  of  the  yolk.  Where 
these  cells  are  most  numerous  they  have  completely  merged  with  the 
blastema,  consequently  this  blastema  remains  distinct  from  celi 
masses  only  at  the  periphery  of  the  germ  disc  and  in  the  extra- 
embryonic area  (Fig.  16). 

The  extraembryonic  cells  are  not  dividing,  are  widely  separated 
from  each  other,  membraneless  and  much  branched;  they  stain  less 
deeply  than  those  of  the  germ  disc.  When  a  yolk  extraovat  is  pro- 
duced  by  the  action  of  the  fixative  it  is  formed  in  the  extraembryonic 
region. 

3.  The  Later  Part  of  the  Gastrulation. 

The  stages  now  to  be  described  are  found  in  eggs  from  30  to  55 
hours,  with  from  1000  to  1500  superficial  cells  on  the  germ  disc. 
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Thore  is  to  be  noted  particularly  the  origin  of  the  posterior  cumulus, 
the  rapid  prolifcratiou  of  vitellocytes  and  the  segregation  of  the  early 
mesentoblast. 

On  unstained  germ  dises  examined  in  alcohol  is  to  be  found  behind 
the  anterior  cumulus  a  second,  smaller  prominenee,  the  posterior 
cumulus  (Cum.  P,  PI.  11,  Fig.  29;  PI.  Ili,  32,  33;  PI.  IV,  44). 
This  is  variable  in  position,  placed  sometimes  at  the  margin  of  the 
germ  disc,  sometimes  nearer  the  anterior  cumulus  (an  extreme  case 
of  which  is  shown  in  Fig.  32).  Both  cumuli  are  shown  on  profile  on 
a  stained  germ  disc  in  Fig.  26,  PI.  II.  The  two  cumuli,  at  first  gen- 
erally  separated,  become  later  connected  by  vitellocytes  moving  bc- 
tween  them  beneath  the  germ  disc;  ^his  is  well  shown  on  a  surface 
view  in  Fig.  34,  PI.  Ili,  where  the  shàded  portion  marks  the  band 
of  vitellocytes.  A  line  connecting  the  two  cumuli  marks  the  later 
mid  axis  of  the  embryo,  though,  as  we  bave  seen,  this  could  be  fore- 
told  from  the  eccentric  position  of  the  anterior  cumulus  alone. 

The  posterior  cumulus  differs  from  the  anterior,  besides  its  later 
development,  in  being  a  prominenee  from  the  start,  in  forming  no 
gastrocoel,  and  in  producing  oiily  vitcdlocytes.  But  since  it  is  a 
region  of  inner  celi  proliferation  it  may  well  be  considered  one  part 
of  a  blastopore,  the  other  part  of  which  would  be  the  anterior  cumu- 
lus; probably  the  blastopore  was  phyletically  first  a  longitudinal 
groove,  the  middle  portion  of  w^iich  later  disappeared.  The  earliest 
stage  found  of  the  i)osterior  cumulus,  one  of  30^,^  hours,  is  shown  on 
surface  view  in  Fig.  20,  PI.  11,  and  on  medìan  scction  in  Fig.  27;  it 
is  then  composcd  of  a  few  large  cells  ingesting  yolk.  Later  stages 
of  it  are  illustrated  in  Figs.  30a,  3G,  41  a,  PI.  Ili;  42a,  42b,  PI.  IV, 
on  median  section,  and  in  Figs.  35,  PI.  Ili,  and  43e,  PI.  IV,  on  cross 
scction.  Even  in  the  late  stage  of  Fig.  43c  there  are  only  about 
tw^Ive  vitellocytes  at  the  posterior  cumulus,  though  these  are  unusu- 
ally  large;  and  Figs.  42a  and  43c  indicate  that  such  cells  are  pro- 
duced  not  only  by  invagination,  but  also  by  direct  metamorphosis  of 
superficial  cells  of  the  germ  disc  at  that  point.  It  is  by  the  presence 
of  this  group  of  large  yolk  cells  that  one  is  enabied  to  identify  the 
position  of  the  posterior  cumulus  with  the  posterior  end  of  the  embryo 
of  the  succeeding  protozonite  stage. 
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Besides  fixing  the  axes  of  the  embryonic  region  the  development  of 
the  posterior  cumulus  determines  an  important  boundary.  Just 
anterior  to  the  posterior  cumulus  the  eells  of  the  germ  disc  are 
thinner  than  elsewhere  {Th.  Ah,  Figs.  41a,  PI.  Ili;  42a,  PI.  IV)  ; 
this  will  become  the  boundary  of  the  cephalothorax  and  abdomen. 

We  niay  next  consider  the  more  important  processes  that  are 
progressing  at  the  anterior  cumulus.  This  has  become  larger  and 
more  irregular  in  outline  {Cum.  A,  Fig.  29,  PI.  II;  32,  33,  PI.  Ili; 
44,  PI.  IV),  and  is  slightly  elevated  above  the  surface  of  the  germ 
disc  (Fig.  26,  PI.  II).  It  maintains  its  pitlike  gastrocoel  {GasL,  Figs. 
27,  28,  PI.  II;  37b,  38 A,  B,  PI.  Ili),  that  closes  at  the  stage  illus- 
trated  by  Figs.  40A,  B,  41A,  C,  PI.  III.  It  is  stili  somewhat  variable 
in  position,  though  always  behind  the  center  of  the  germ  disc.  At  the 
stage  of  301/2  hours  it  is  shown  on  median  section  in  Figs.  27  and  28, 
PI.  II  ;  the  invaginated  cells  bave  increased  in  number  and  size,  and 
those  in  contact  with  the  yolk  bave  become  greatly  branched  and 
coarsely  vacuolar  with  ingcsted  yolk  particles.  These  large  cells  are 
vitellocytes,  and  they  undergo  a  continuous  ernigration  from  thcir 
point  of  origin,  which  is  in  part  a  movement  into  the  yolk,  but  to 
greater  extent  a  passage  from  the  periphery  of  the  cumulus  outward 
between  the  yolk  and  the  germ  disc  ;  this  is  what  causes  the  outline 
of  the  cumulus  to  become  larger  and  more  irregular.  At  ^  little  latcr 
stage  this  wandering  becomes  more  pronounced,  as  shown  in  the 
middle  of  Fig.  31,  PI.  Ili  (a  cross  section  through  the  anterior  edge 
of  the  anterior  cumulus),  and  Fig.  30a  (where  only  a  lateral  edge  of 
this  cumulus  is  cut). 

A  more  advanced  stage  of  the  anterior  cumulus,  37^/2  hours,  is 
represented  in  Figs.  34-39,  PI.  III.  Fig.  34  is  a  ventral  surface 
view  of  a  germ  disc  containing  1222  superficial  cells;  the  shaded 
region  marks  the  area  where  vitellocytes  lie,  in  a  broad  band  extend- 
ing  from  a  little  anterior  to  the  centre  of  the  germ  disc  back  to  the 
posterior  cumulus  (Cum,  P)  ;  the  two  cumuli  bave  become  intercon- 
nected  by  vitellocytes  arising  mainly  from  the  anterior  one.  Fig.  38a, 
an  oblique  longitudinal  section  of  the  whole  germ  disc,  and  Fig.  38b, 
an  enlarged  drawing  of  the  anterior  cumulus  alone,  show  the  gastro- 
coel to  be  a  pit  bounded  immediately  by  a  group  of  large  unbranchcd 
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celle,. around  which  are  the  large  vitellocytes  {ViL  C).  But  a  more 
interesting  change  is  found  in  the  egg,  of  which  two  transverse  sec- 
tions  are  depicted  in  Figs.  37a  and  37b.  Fig.  37b  is  through  the 
gastrocoel.  Fig.  37a,  a  few  sectious  distant  from  the  preceding, 
shows  just  beneath  the  superlicial  cells  of  the  germ  disc  a  compact 
group  of  from  six  to  eight  rounded  cells  (Mes,  E.,  only  four  of  them 
visible  in  this  section),  which  resemble  the  outer  ectoblast  cells. 
These  are  evidently  the  earliest  cells  of  the  mesentoblast,  because  they 
bave  the  same  situation  and  appearance  as  cells  which  later  can  l)e 
recognized  with  certainty  as  mesentoblast.  But  whence  they  origin- 
ated  I  bave  not  been  able  to  determine,  the  question  being  whether 
they  are  direct  derivatives  of  the  ectoblast  or  from  some  particular 
invaginated  celi  of  the  anterior  cumulus.  The  latter  view  would 
seem  the  more  probable,  judging  from  their  position  within  the 
anterior  cumulus. 

At  the  next  stage  seen,  one  of  about  49  hours,  both  vitellocytes  and 
mesentoblastic  cells  bave  increased  in  number  and  come  to  occupy  a 
wider  area.  Fig.  40a,  PI.  Ili,  shows  ali  the  superficial  nuclei  of  the 
germ  disc  on  ventral  view,  and  they  number  1441  ;  at  the  posterior 
cumulus  (Cuììi.  P.)  the  nuclei  are  larger  because  there  the  vitello- 
cytes reach  the  surface.  Fig.  40b  is  a  drawing  of  the  same  egg,  but 
at  a  deeper  focus,  exhibiting  only  the  nuclei  of  vitellocytes  beneath  the 
superficial  cells;  this  figure  demonstrates  that  the  vitellocytes  are 
now  scattered  beneath  the  whole  of  the  germ  disc;  this  figure  does 
not  reproduce  ali  of  the  vitellocytes,  but  only  those  whose  nuclei  could 
by  their  superior  size  be  readily  distinguished  from  the  nuclei  of  the 
surface  cells.  Sections  further  illustrate  this  migration  of  vitello- 
cytes ;  thus  Figs.  41a,  PI.  Ili,  and  42a,  PI.  IV,  show  their  position 
on  median  sections  ;  Figs.  41b  and  41c,  PI.  III,  on  longitudinal  sec- 
tions of  the  middle  of  the  germ  disc  ;  Fig.  43  a,  PI.  IV,  on  trans  verse 
section  of  the  disc  anterior  to  the  anterior  cumulus  ;  and  Fig.  43b  on 
cross  section  lateral  to  this  cumulus.  Accordingly,  in  this  stage  the 
large,  markedly  branched  and  richly  vacuolated  vitellocytes  are  stili 
most  abundant  in  the  vicinity  of  the  anterior  cumulus,  but  many  of 
them  bave  emigrated  thence,  some  into  the  yolk,  a  greater  number  in 
ali  directions  beneath  the  germ  disc,  while  there  remains  at  the 
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posterior  cumulus  the  group  of  them  that  formed  there.  This  move- 
ment  of  vitellocytes  from  their  point  of  erigi  n  comes  te  lower  the 
elevation  of  the  anterior  cumulus  and  to  cause  it  to  become  flush  with 
the  surf  ace  of  the  germ  disc. 

Àt  the  same  time  mesentoblast  cells  are  scattered  beneath  the  germ 
disc  except  at  its  posterior  pole  (for  they  do  not  appear  to  arise  there). 
These  are  polygonal  and  relatively  small,  placed  between  the  outer 
celi  layer  and  the  yolk  or  yolk  cells  ;  they  are  lettered  Mes.  E.  in  Figs. 
41bc,  PI.  Ili,  and  42b,  43a  and  43b,  PI.  IV.  They  do  not  compose 
a  continuous  layer  and  are  only  one  celi  deep  except  at  one  point, 
where  they  are  two  deep  (Pig.  41c,  PI.  III).  I  bave  searched  care- 
fully  but  in  vain  to  find  indications  that  these  mesentoblast  cells  de- 
velop  in  situ  from  the  overlying  ectoblast  ;  ali  the  mitotic  spindles  of 
the  ectoblast  seem  to  be  placed  horizontally  and  none  vertically  at 
this  stage.  Therefore,  it  is  probable  that  the  mesentoblastic  elements 
of  this  stage  are  emigrated  descend^nts  of  that  group  of  six  to  eight 
cells  of  the  previous  stage  {Mes.  E.,  Fig.  37a,  PI.  Ili)  which  formed 
part  of  the  anterior  cumulus.  They  seem  to  bave  wandered  from  a 
single  point  of  origin,  just  as  the  vitellocytes  bave  done.  Definitive 
entoblast  and  mesoblast  will  later  form  from  this  mesentoblast,  as 
will  be  described  in  due  time.  There  is  closure  of  the  gastrocoel  at 
this  period,  one  of  several  indications  that  gastrulation  is  ending  and 
consequently  cellular  invagination,  and  there  is  no  indication  at  any 
later  stage  that  either  mesoblast  or  entoblast  forms  from  the  outer  celi 
layer;  therefore,  the  latter  from  now  on  may  be  termed  ectoblast. 
The  ectoblast  cells  are  becoming  higher  than  wide.  Thus,  the  germ 
disc  is  at  many  points  two-layered,  consisting  of  outer  ectoblast  and 
inner  mesentoblast,  both  placed  outside  of  the  vitellocytes. 

Stili  another  process  is  under  way,  namely,  formation  of  vitello- 
cytes from  the  anterior  and  lateral  margins  of  the  germ  disc,  an 
origin  quite  independent  of  the  centers  of  formation  represented  by 
the  two  cumuli.  Their  formation  from  the  anterior  margin  of  the 
germ  disc  is  shown  in  Figs.  30a,  b,  38a,  41a,  PI.  Ili,  and  from  the 
lateral  margin  in  Figs.  31  (an  unusually  pronounced  case)  and  39. 
Whether  this  is  eifected  by  vertical  mitoses  or  by  inrolling  of  the  edge 
of  the  germ  disc  I  bave  not  positively  determined,  but  there  are  indi- 
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cations  of  the  former  process  (note  the  position  of  the  mitotic  spindle 
at  the  left  edge  of  Fig.  31).  This  process  results  in  a  heightening  of 
the  margins  of  the  germ  disc,  which  is  well  exhibited  on  alcoholic 
surface  views  (Figs.  29,  PI.  II  ;  33,  PI.  Ili  ;  44,  PI.  IV).  The  vitel- 
locytes  produced  thereby  do  not  differ  in  appearance  from  the  others. 
Branched  vitellocytes  rarely  show  signs  of  division,  and  it  is  probable 
that  those  which  bave  become  largo  and  raniified  do  not  divide  ;  thcy 
do  not  wander  beneath  the  extraembryonic  blastoderm. 

The  germ  disc  has  not  increased  perceptibly  in  extent,  but  has 
become  sharply  delimited  from  the  extraembryonic  area  (Fig.  84, 
PI.  III).  Its  cells  are  closely  apposcd  and  bave  lost  their  intercellu- 
lar  branches.  In  the  extraembryonic  region  the  blastoderm  stili  con- 
sists  of  niembraneless  branched  cells. 

4.  Stage  of  the  Protozonites. 

This  stage  is  evidently  of  short  duration,  for  I  found  it  in  only  two 
lots  of  eggs,  of  the  age  of  60  hours.  Fig.  45,  PI.  IV,  exhibits  the 
earliest  condition  seen,  one  with  four  rather  indistinct  protozonites, 
and  Fig&.  46  and  47  (lateral  and  ventral  views,  respectively)  with 
five  protozonites.  The  gemi  disc  has  changed  from  a  circular  to  an 
ovoid  outline,  with  one  end  broader  than  the  other  ;  the  broader  end 
marks  the  beginning  of  the  cephalic  lobe,  and  the  narrower,  the 
caudal.  There  are  no  longer  projecting  cumuli,  but  on  median  sec- 
tion  the  caudal  end  (Caud.,  Fig.  48)  is  seen  to  correspond  in  position 
with  the  earlier  posterior  cumulus  by  the  continuance  of  the  group 
of  largo  vitellocytes  at  that  point  (Vit.  C).  The  five  protozonites  of 
Figs.  46  and  47  appear  on  stained  whole  mounts  darker  than  the 
intermediate  regions  because  they  are  thicker,  show  no  signs  of  appen- 
dages  and  represent  the  beginnings  of  the  segments  of  the  pedipalps 
and  the  four  pairs  of  legs,  while  the  protozonites  of  Fig.  45  represent 
the  segments  of  the  pedipaljìs  and  the  three  anterior  pairs  of  legs. 
The  boundary  between  cephalothorax  and  abdomen  is  that  point 
where  the  ectoblastic  cells  are  somewhat  flattened  {Th.  Ah.,  Figs.  48, 
oOb)  ;  previously  this  region  had  la  in  just  anterior  to  the  posterior 
cumulus  (Figs.  41a,  PI,  III;  42a,  PI.  IV).  On  comparison  of  Fig. 
41a  with  Fig.  48  it  follows  that  the  elongation  of  the  germ  disc  pro- 
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ducing  the  abdomen  is  due  to  a  rapid  growth  betweeii  this  thiii  region 
of  the  eetoblast  and  the  posterior  edge  of  the  genn  disc  (region  of  the 
posterior  cumulus),  and  not  to  growth  cephalad  frora  the  posterior  en<l 
of  the  gemi  disc.  The  abdominal  region  is  therefore  extending  telo- 
blastically,  by  celi  multiplieation,  in  its  anterior  portion.  It  results 
that  the  thin  region  of  the  eetoblast  {Th.  Ab,,  Fig.  48)  is  rapidly 
separating  from  the  group  of  vitellocytes  at  the  posterior  end  (caudal 
lobe,  Caud.).  It  will  he  not  ed  that  the  thoracal  segments  develop  in 
situ  and  ahnost  if  not  quite  simultaneonsly,  teloblastic  growth  occur- 
ring  only  in  the  abdomen.  The  extension  of  the  embryo  around  the 
yolk,  shown  in  Fig.  47,  is  due  mainly  to  growth  of  the  abdominal 
region,  dorsal  extension  of  the  head  lobe  being  much  less  in  amount. 

The  middle  celi  layer,  that  between  eetoblast  and  vitellocytes,  is 
stili  one  celi  deep  (Fig.  48),  and  its  cells  are  smaller  than  those  of  the 
eetoblast.  This  layor  within  the  cephalothoracal  region  is  true  meso- 
blast  (Mes.,  Figs.  50  a-c),  for  there  is  at  no  time  any  indication  that 
entoblast  arises  within  the  cephalothorax  ;  it  is  only  much  later  than 
the  stage  of  reversion  that  entoblast  enters  the  cephalothorax,  and 
then  by  growth  of  the  midgut  from  the  abdomen  into  the  posterior 
part  of  the  thorax.  This  cephalothoracal  mesoblast  is  segmented, 
each  of  its  transverse  masses  confluent  with  and,  indeed,  occasioning 
a  protozonite,  while  it  is  absent  between  protozonites  ;  Fig.  48  shows 
this  condition  on  median  section  of  the  whole  embryo,  and  Fig.  49b 
on  transverse  section  of  one-half  of  a  protozonite.  This  segmented 
condition  of  the  mesoblast  is  a  secondary  one,  for  in  the  preceding 
stages  it  showed  no  such  distribution.  In  the  head  region  (Fig.  50a) 
there  is  a  layer  of  mesoblast,  as  in  the  thorax,  and  bere  also  it  is 
segmented,  for  it  shows  a  division  into  a  more  anterior  rostral  meso- 
blast (7?.  Mes.)  and  a  more  posterior  cheliceral  mesoblast  {Chel. 
Mes,)  ;  this  is  important  as  indicating  that  in  this  early  stage  there 
are  two  mesoblastic  sacs  within  the  cephalic  lobo,  one  anterior  to  and 
distinct  from  the  cheliceral  segment. 

In  the  abdominal  region  there  is  a  single  unsegmented  layer  of  cells 
beneath  the  eetoblast,  oxteiuling  from  the  thoraco-a])dominal  boundary 
(Th.  Ah.,  Fig.  501))  not  quite  to  the  posterior  margin  ((?.  B.)  of  the 
germ  disc.    This  layer  is  mesentoblast,  as  its  later  history  shows. 
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The  ectoblast  consists  of  cells  that  are  mainly  columnar,  and  in 
some  plaees  it  is  becoming  two  celi  layers  deep  (Figs.  49b,  50a-c). 

The  vitellocytes  have  become  relatively  enormous  (Vit.  C,  Figs. 
48,  49b,  60a-c),  and  most  of  them  He  in  the  more  superficial  portiun 
of  the  yolk,  few  having  reached  its  center.  For  the  first  time  the 
extraembryonic  blastoderm  is  beginning  to  proliferate  vitellocytes  by 
direct  metamorphosis  of  some  of  its  cells  (Fig.  49a).  The  extra- 
embryonic blastodermic  cells  are  also  increasing  in  number. 

6.  Stage  of  One  to  Two  Ahdominal  Segments. 

Fig.  51,  PI.  IV,  is  an  oblique  latero-ventral  view  of  the  stage,  60f^4 
hoiirs,  immediately  following  that  of  the  protozonites.  It  shows  the 
pedipalpal  segment  (Ped.)  and  the  segments  of  the  legs  (L.  1-L.  4), 
ali  with  the  first  traces  of  limb  buds.  Fig.  52,  an  embryo  of  ca.  62 
hours,  illustrates  a  latcral  view  of  the  later  stage  with  six  pairs  of 
cephalothoracal  appendages  (the  cheliceral  segment,  Cheh,  now  sepa- 
rated  from  the  head  lobe,  Ceph.),  and  the  appearance  of  the  first 
abdominal  segment  (Ab.  1).  Then  Fig.  53  illustrates  a  stili  later 
stage,  where  there  are  two  abdominal  segments  (Ab.  1,  Ab.  2)  and  a 
trace  of  a  third.  On  comparing  Fig.  52  with  Fig.  53  it  will  be  seen 
that  it  is  the  abdominal  region  that  is  lengthening  most  rapidly, 
which  results  in  the  caudal  lobe  (Cavd,)  pushing  dorso-cephalad 
until  it  nearly  meets  the  head  lobe.  The  nuclei  of  the  extraembryonic 
region  are  marked  by  stippling. 

The  stage  of  Fig.  53  merits  a  more  detailed  description. 

The  mesoblast  of  the  cephalothorax  is  now  arranged  in  the  form 
of  a  series  of  paired  pouches,  discontinuous  longitudinally  and  trans- 
versely  ;  this  segregation  is  the  mechanieal  eause  of  the  limb  buds.  In 
the  chelicera  (CheL,  Fig.  56c,  PI.  V)  and  the  fourth  leg  pair  (L.  4, 
Fig.  56a)  it  is  only  one  layer  deep,  for  in  these  segments  it  has  devcl- 
oped  more  slowly  than  in  the  others  ;  but  beneath  the  other  thoracal 
appendages  it  is  two  cells  deep  (Figs.  55,  56d).  When  this  two-layered 
condition  has  been  reached  the  layer  next  the  ectoblast  may  be  called 
somatic  mesoblast  (So.  Mes.,  Fig.  55),  and  the  other  layer,  splanchnic 
mesoblast  (Sp.  Mes.).  The  way  in  which  the  splanchnic  layer  be- 
comes  separated  from  the  somatic  is  shown  in  Fig.  56d,  indicatiug 
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its  formation  by  inroUing  of  the  edge  of  the  somatic  rather  than  by 
vertical  mitosis  or  delamination.  At  first  the  two  layers  are  closely 
apposed,  but  they  later  partially  separate  to  produce  the  coelom 
{Coél.,  Fig.  55).  At  no  time  do  yolk  globules  enter  any  of  the  coelo- 
raic  eavities. 

In  the  cephalic  ragion  the  mesoblast  of  the  chelieeral  segment 
(Chel.  Mes,,  Fig.  56c)  is  separated  from  the  more  anterior  rostral 
mesoblast  (i2.  Mes.). 

In  the  abdominal  scgments  (Ab.  1,  Ah.  2,  Fig.  56a)  the  mesento- 
blast  is  transversely  and  longitudinally  segmented  into  paired  bands, 
but  is  stili  one-layered.  Poster ior  to  these  segments,  within  the 
caudal  lobe  proper  (Fig.  56b),  the  mesentoblast  (Mes.  E.)  is  a  con- 
tinuous  layer.  On  transverse  section  of  the  caudal  lobe  are  found  at 
occasionai  intervals  in  the  midline  masses*  of  small  branched  cells 
(0.  G.  ?,  Fig.  54,  compare  also  Fig.  56b)  ;  these  are  much  smaller 
and  stain  more  deoply  than  vitellocytes,  and  may  represent  either 
genital  cells  or  early  definitive  entoblast. 

Vitellocytes  are  stili  forming  by  metamorphosis  of  cells  of  the 
extraembryonic  blastoderm. 

G.  Stage  of  Three  to  Five  Abdominal  Segments  (73  to  75  Hours). 

Fig.  57,  PI.  V,  shows  a  stage  with  three  abdominal  segments,  Fig. 
58  one  with  four,  and  Fig.  59  one  with  five.  The  abdomen  has 
increased  in  length  until  the  caudal  lobe  meets  the  head  lobe  on  the 
dorso-anterior  surface  of  the  yolk.  The  posterior  unsegmented  por- 
tion  of  the  abdomen  is  the  caudal  lobe  of  the  authors,  comparable 
with  the  telson  of  other  animals  having  tcloblastic  growth.  While 
the  abdominal  segments  stili  lack  limb  buds  the  appendages  of  the 
cephalothorax  bave  become  short  and  blunt  cylinders  directed  caudad. 
The  head  lobe  (Ceph.,  Fig.  59)  shows  as  yet  no  particular  organ 
regions,  but  extending  from  it  backwards  along  the  thorax  is  a  light 
median  line,  the  ventral  sulcus  (Sul.  u.),  which  marks  the  region 
where  the  ectoblast  is  thinnest  and  from  which  the  mesoblast  sacs 
bave  withdrawn  laterally. 

The  first  traces  of  the  centrai  nervous  system  now  appear,  paired 
thickenings  of  the  ectoblast  mesial  from  the  appendages  in  that 
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region  from  the  pedipalpal  to  the  fourth  ambulatory  segment.  Tu 
such  ganglionic  thickeniiigs  {Gang,,  Fig.  C2)  the  ectoblast  is  two- 
layered,  while  in  the  ventral  sulcus  (Sul,  v.)  bctween  them  it  has 
become  thinner;  therefore,  cells  bave  probably  moved  away  from 
that  ventral  midline  to  aid  in  the  production  of  the  ganglia.  Such 
ganglia  cannot  yet  be  distinctly  secn  upon  surface  views,  and  those 
of  the  chelicera  are  not  yet  differentiated. 

In  the  head  lobe  the  posterior  cheliceral  mesoblast  {Cìieh  Mes., 
Fig.  60b)  is  distinct  from  the  more  anterior  rostral  (J2.  Mes.,  Fig. 
60a).  A  sHght  elevation  on  the  surface  of  the  head  lobe  seems  to 
indicate  the  first  appearance  of  the  corebral  ridges.  In  the  thorax 
each  appendage  has  its  mesoblast  sac,  but  these  sacs  extend  neither 
mesial  nor  lateral  of  the  appendages  (Fig.  G2,  transverse  section). 

The  abdomen  where  it  is  segmented  exhibits  its  mesentoblast  in 
segmented  two-layered  raasses,  but  in  the  caudal  lobe  in  a  single 
layer.  Each  segment  has  a  right  and  loft  mesentoblastic  mass  sepa- 
rated  in  the  midline  from  each  other  (Fig.  GÌ).  Where  this  celi 
mass  is  two  layers  deep  the  outer  layer  is  somatic  mesoblast.  (So. 
Mes.),  while  the  inner  is  stili  mesentoblast  {Mes.  E.),  At  various 
points  in  the  median  axis  of  the  al)domon  are  groups  of  small  cells 
{G.  C,  ?,  Fig.  GÌ),  which  had  been  remarked  in  the  preceding  stage. 

Fig.  GÌ  shows  that  vitellocytes  are  stili  forming  from  the  extraem- 
bryonic  blastoderm. 

7.  Stage  of  the  Earhj  Ahdominal  Appendages  (8G  Hours), 
The  extornal  charactoristics  of  embryos  of  this  period  are  shown 
in  Figs.  G3-GG,  PI.  V.  The  caudal  lobe  {Caiuh)  has  reached  the 
head  lobe,  the  vcTitral  sulcus  {Sul,  i\)  is  widening  and  extends  pos- 
teriorly  to  the  soventh  abdominal  segment  (Fig.  %(S),  which  is  one 
factor  in  the  lateral  expansion  of  the  body,  and  in  consequence  the 
extraembryonic  area  has  decreased  in  amount  (the  stippling  repre- 
sents  the  nuclei  of  this  area  in  their  actiial  number).  The  lateral 
view,  Fig.  G'3,  shows  how  the  embryonic  region  has  encroached  upon 
the  extraembryonic  as  compared  with  the  preceding  stage,  Fig.  57. 
Of  Ihe  cephalothoracal  appendages  the  cheliceral  {Chel.,  Figs  63, 
65)  are  the  shortest,  while  the  others  {L.  1-L.  4)  bave  become  three- 
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jointed.  The  abdomen  possesses  eight  segments  (Ab.  l-Ab,  8,  Figs. 
63,  66)  anterior  to  the  caudal  lobe  (Caud,),  the  full  niimber  that  it 
will  have  in  this  species  ;  and  of  these  the  second  to  the  fif th  inclusive 
bear  eaeh  a  pair  of  limb  buds  (Ah.  2h-Ab.  5ò).  For  each  of  the 
thoracal  segments  (Fig.  65)  and  to  eaeh  of  the  al)dominal  except  the 
eighth  (Figs.  63,  66)  there  is  a  pair  of  nervo  ganglia. 

On  the  head  lobe  appears  the  stomodaeum  (Sto.,  Figs.  64,  65), 
a  shallow  pit  with  somewhat  turgid  lips  (Sto.  L.).  It  is  an  ecto- 
blastic  invagination  shown  on  median  section  in  Fig.  67b,  PI.  VI, 
and  on  cross  section  in  Fig.  68b.  Just  at  its  anterior  border  is  a  pair 
of  small,  basally  eontiguous  prominences,  the  rostral  appendages 
(Ros.,  Figs.  64,  65,  PI.  V)  ;  later  these  will  fuse  to  form  the  rostruni. 
They  are  shown  on  longitudinal  section  in  Fig.  67b,  PI.  VI,  and  on 
transverse  section  in  Figs.  68a  and  68d.  Beneath  these  appendages 
lie  the  rostral  mesoblast  sacs,  which  occupy  more  than  the  anterior 
half  of  the  head  lobe,  nieet  in  the  midline  anterior  to  the  ventral 
sulcus,  and  are  continued  in  the  lateral  lips  of  the  stomodaeum. 
The  upper  portion  of  Fig.  68d  shows  how  these  sacs  extend  lateral ly 
almost  as  far  as  the  head  lobe  itself  :  Fig.  67b  shows  that  they  extend 
mesially  back  to  the  posterior  border  of  the  stomodaeum;  and  Fig. 
67a  shows  one  rostral  sac  on  longitudinal  section  in  the  piane  of  a 
cheliceron  (Chel.),  this  demonstrating  how  mudi  more  extensive  the 
rostral  sacs  are  than  the  cheliceral.  Each  rostral  sac  now  censi sts  of 
somatic  and  splanchnic  layers,  and  these  layers  separate  from  each 
other  to  form  coelomic  spaces  beneath  the  rostral  appendages  (Ros.. 
Figs.  67b,  68a  and  68d)  at  the  lateral  margins  of  the  head  lobe 
(R.  Coe  l.,  Figs.  68c-f),  and  beneath  the  cerebral  ridges  (Ce.  li., 
Figs.  67a,  68f).  The  only  prominences  of  the  head  lobe  anterior  to 
the  chelicera  that  can  be  properly  considered  prestomial  appendages 
are  these  rostral  tubercles;  and  they  may  be  rightly  adjudged  cephalic 
appendages  to  which  belong  the  rostral  mesoblast  sacs,  and  the 
ganglia  of  which  would  be  the  cerebral.  Though  they  develop  later 
than  the  chelicera  it  will  be  recalled  that  the  chelicera  arise  later  than 
the  pedipalps  and  the  legs,  and  the  rostral  mesoblast  sacs  develoi) 
simultaneously  with  the  cheliceral.  Fusion  of  these  rostral  append- 
ages with  the  lips  of  the  stomodaeum  follows  later,   the   two   are 
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separate  in  origin,  and  the  stomodaeal  lips  {Sto,  L.,  Fig.  67b)  are 
simply  ectoblastic  thickenings  into  which  extends  the  rostral  meso- 
blast 

Other  differeutiations  of  the  head  lobe  are  the  foUowing:  A  short 
distance  anterior  te  the  rostral  appendages  the  head  lobe  is  mesially 
broadly  indented,  probably  by  its  lateral  borders  growing  more 
rapidly  than  its  median,  this  constituting  the  anterior  sulcus  {Sul. 
A,,  Fig.  64,  PI.  V).  Behind  this  is  the  stomodaeum  {Sto.)  and 
behind  that  the  ventral  sulcus  {Sul.  v.),  so  that  the  head  lobe  is  nearly 
completely  divided  into  right  and  left  halves.  The  antero-median 
niargin  of  each  half  is  somewhat  elevated  and  thickened,  and  each 
such  transverse  prominence,  which  may  be  called  a  cerebral  ridge 
{Ce.  R.,  Figs.  63,  64)  is  bordered  posteriorly  by  a  groove,  the  fovea 
{Fov.).  A  longitudinal  section  through  a  cerebral  ridge  and  fovea 
is  given  in  Fig.  G7a,  PI.  VI.  Fig.  68f  shows  a  transverse  section  of 
the  two  cerebral  ridges;  in  the  midiine  lies  the  apex  of  the  caudal 
lobe  {Caud.)  and  immediately  above  that  the  extraembryonic  blasto- 
derm  {Ex.,  this  being  the  piane  of  the  anterior  sulcus)  ;  right  and 
left  of  this  sulcus  are  the  halves  of  the  head  lobe,  the  mesial  portions 
of  which  are  the  cerebral  ridges  {Ce.  R.).  These  ridges  cannot  be 
considered  separate  appendages  because  they  do  not  possess  peculiar 
mesoblast,  but  are  bordered  by  the  rostral  mesoblast.  Lateral  from 
and  on  a  line  with  the  fovea  of  each  side  is  a  transversely  elongated 
pit  which  may  be  termed  the  antcro-lateral  vesicle  {A.  L.  Y.,  Fig. 
63,  PI.  V)  ;  this  is  difBcult  to  find  on  surface  views,  but  on  transverse 
sections  {A,  L.  Y,,  Figs.  68c,  d,  PI.  VI)  each  is  found  to  be  an  ecto- 
blastic groove.  In  most  of  the  head  region  the  ectoblast  is  several 
layers  deep. 

The  chelicera  {CheL,  Figs.  64,  65,  PI.  V)  are  at  the  posterior 
border  of  the  head  lobe,  as  are  their  ganglia  {Chel.  G.),  far  behind 
the  stomodaeum  {Sto.).  Their  mesoblast  sacs  (Fig.  67a,  PI.  VI) 
are  separa  ted  from  and  much  smaller  than  the  rostral  sacs. 

Each  thoracal  limb  behind  the  chelicera  possesses  a  distinct  coelom, 
bounded  by  somatic  mesoblast  extending  into  the  limb  and  a  splanch- 
nio  layer  upon  the  yolk  (Figs.  68d,  e,  70).  These  mesoblast  sacs  do 
not  as  yet  extend  laterad  of  the  limbs,  but  bave  grovm  some  distance 
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niesiad  beneath  the  ganglia  (Fig.  68d)  ;  they  are  discontinuous  trans- 
versely  and  loagitudinally. 

In  the  abdomen  each  of  the  eight  segmenta  has  beneath  the  ecto- 
blast  (Ect.y  Fig.  69)  a  layer  of  somatic  mesoblast  {So.  Mes.)  and  one 
of  mesentoblast  (Mes.  E.)  ;  and  at  the  base  of  each  limb  bud  (Ab. 
5.5)  there  is  a  coelom  (Cocl.)  formed,  as  in  the  thorax,  by  secondary 
separation  of  the  layers  ;  right  and  lef  t  sacs  of  the  two  sides  are  sepa- 
rated  by  the  ventral  sulcus,  but  on  each  side  of  this  groove  the  meso- 
blast sacs  are  longitudinally  connected.  The  first  segment,  over- 
looked  by  so  many  observers,  also  has  two  layers  of  mesoblast  {Ab.  1, 
Fig.  70  )y  which  is  separated  from  that  of  the  hindmost  thoracal  seg- 
ment {L.  4)  ;  it  has  also  its  own  pair  of  nerve  ganglia  {Ab,  G.  1, 
Figs.  63,  66).  Within  the  caudal  lobe  {Caud.,  Fig.  69,  PI.  VI) 
the  mesentoblast  is  stili  for  the  most  part  one-layered. 

At  this  stage  appears  distinctly,  and  for  the  first  time,  a  portion 
of  the  definitive  entoblast.  Its  cells  He  in  the  abdominal  region  be- 
tween  the  mesoblast  and  the  vitellocytcs,  are  at  first  smaller  than  the 
vitellocytes,  but  soon  increase  in  size  and  develop  ramifying  processes 
so  as  to  resemble  minature  vitellocytes.  They  are  to~be  found  from 
the  first  abdominal  segment  {Ent.,  Fig.  70)  posterior  to  the  caudal 
lobe  {Ent,  Fig.  69),  and  would  appear  to  arise  disconnectedly  from 
the  mesentoblast  in  its  whole  extent.  At  present  the  entoblast  cells 
occur  sparingly  and  in  small  groups.  Where  they  are  present  three 
layers  can  be  distinguished  between  the  ectoblast  and  the  vitellocytes  : 
somatic  mesoblast  {So,  Mes,,  Fig.  70),  splanchnic  mesoblast  {Sp. 
Mes.)  and  entoblast  {Ent,),  From  the  account  of  this  and  other 
stages  it  will  be  seen  that  the  vitellocytes  take  no  part  in  producing 
the  entoblast. 

Stili  another  process  is  commencing,  the  production  of  blood  cells. 
The  extraembryonic  blastoderm  (Fig.  68d)  consists  of  only  one 
layer,  ectoblast,  for  mesoblast  is  formed  only  within  the  embryonic 
body,  and  not  until  later  stages  does  it  grow  outward  from  this  body. 
These  extraembryonic  cells  remained  quiescent  during  the  gastrula- 
tion  period,  later  proliferated  some  of  the  vitellocytes,  and  now  are 
giving  rise  to  blood  cells.  Such  cells  are  marked  Bl  in  Figs.  68d 
and  68e,  scattered  groups  or  islands  of  cells  produced  by  multiplica- 
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tion  and  enlargement  of  extraembryonic  blastodermic  cella  in  a 
region  where  there  is  no  niesoblast.  Fig.  67c  shi^vs  the  details  of 
this  process  on  higher  magnification,  the  border  of  the  embryonic 
body  being  at  the  point  marked  6r.  B;  while  Fig.  68g  shows  another 
group  of  them  in  statu  riascendi  just  lateral  from  the  head  lobe. 
Their  formation  is  very  characteristic  and  not  to  be  confounded  with 
that  of  any  other  cells:  at  certain  points  the  extraembryonic  cells 
multiply,  the  nucleus  of  each  enlarges  and  the  cytoplasm  stili  more 
rapidly,  then  from  the  large  and  dense  nucleus  strings  of  chromatin 
substance  i)ass  into  the  celi  body  until  the  latter  contains  a  heavy 
chromidial  net  (Figs.  G7c,  68g).  Thus,  the  cells  come  to  assume  the 
appearance  of  those  blood  cells  later  found  within  the  heart  cavity. 
These  cells  are  unquestionably  ectoblastic,  for  they  arise  in  regions 
where  there  is  no  mesoblast,  and  are  at  the  start  on  the  surface  of  the 
blastoderm.  On  the  other  band,  there  are  no  indications  whatsoever 
of  blood  celi  formation  from  the  mesoblast  at  this  or  later  stages.  'As 
they  enlarge  they  sink  below  the  blastoderm,  and  the  stage  following 
this  one  will  show  how  they  move  into  the  embryonic  body  by  migra- 
tion.  The  point  of  origin  of  the  blood  is,  accordingly,  that  extraem- 
bryonic area  indicated  in  Figs.  63-66  by  stippliug. 

8.  Stages  Immediately  Preceding  Eeversion. 

Here  may  be  considered  two  slightly  different  stages,  one  of  about 
97  hours  (Figs.  71-74,  PI.  VI),  the  other  of  about  108  hours  (Figs. 
78,  79,  PI.  VII). 

The  rostral  appendagcs  bave  fused  to  compose  the  rostrum  (i2os., 
Figs.  71,  72,  PI.  VI;  79,  PI.  VII),  which  is  broad  with  its  free  end 
directed  anteriorly.  Fig.  80b  (Ros,)  shows  it  on  median  section  and 
Fig.  75b  cut  a  little  to  one  side  of  the  midline,  these  figures  elucidata 
also  the  extent  of  its  rostral  mesoblast  (R.  Mes,)  in  antero-posterior 
direction;  and  Figs.  76a  (anterior  to  the  rostrum)  and  76b  (in  the 
piane  of  the  stomodaeum,  Sto.)  in  transverse  direction.  The  rostral 
mesoblast  sac  (R.  Mes,,  Fig.  80b)  is  much  more  extensive  than  the' 
cheliceral  (Cliel.  Mes.),  The  unpaired  rostrum  has  been  produced 
by  the  fusion  of  the  paired  rostral  tubercles  of  earlier  stages. 

The  stomodaeum  (Sto.,  Figs.  71,  72,  PI.  VI;  79,  PI.  VII)  has 
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become  a  hemispherical  cup,  seen  ou  longitudiiial  section  in  Figs. 
75b  and  80b,  and  on  transverse  section  in  Fig.  7Gb;  it  is  immediately 
lincd  by  rostral  mesoblast.  Its  bordering  lip  is  circnlar,  an  ecto- 
blastic  ring  into  wbich  projects  rostral  mesoblast  (Fig.  7Gb). 

The  cerebral  ridges  bave  become  more  complicated,  and  on  sur- 
face  views  {Ce.  li.,  Figs.  71,  72,  PI.  VI;  79,  PI.  VII)  eaeh  is  seen 
to  bave  grown  from  the  stomodaeal  rcgion  postero-lateral  to  the 
antero-lateral  vesicle  (^1.  L.  V.).  Posteriorly  (toward  the  stomodaeal 
side)  each  ridge  is  bounded  by  the  fovea  {Fov,,  Figs.  72,  73,  PI.  VI; 
70,  PI.  VII).  The  fovea  has  become  a  deep  groove,  deepening  first 
mesially,  and  successive  stages  of  its  insinkiiig  are  shown  in  Figs. 
75b  and  80d,  PI.  VII  {Fov).  The  cerebral  ridge  is  the  commence- 
ment  of  the  cerebral  ganglion,  and  the  fovea,  \vhich  is  its  posterior 
bordering  groove,  the  veutricle  of  this  ganglion.  At  this  stage  the 
cerebral  ganglia  are  therefore  invaginatiiig  aiid  sinkiiig  below  the 
surface. 

Lateral  and  somewhat  posterior  to  each  of  the  preceding  ganglionic 
anlages  lies  a  stili  deeper  and  more  complicated  pit,  the  antero-lateral 
vesicle  (A.  L.  V.,  Figs.  71,  72,  PI.  VI;  79,  PI.  VII).  The  cavity  of 
this  vesicle  is  mesially  continuous  with  the  fovea  {Fov.),  Where 
this  pit  is  dcepest  {A.  L.  V.,  Fig.  80c,  PI.  VII)  its  ectoblastic  wall 
{Ed.)  is  greatly  thickeued.  When  the  antero-lateral  vesicle  is  looked 
at  from  the  surface  in  a  favorable  jìosition  (as  in  Fig.  71,  PI.  VI, 
A.  L.  F.),  and  before  it  has  joined  with  the  postero-lateral  vesicle 
{P.  L.  V.),  it  may  be  described  as  bounded  laterally  by  a  semicircular 
ridge  and  mesially  by  an  elevated  ])rominence  {Pr,).  The  promi- 
nences  of  both  right  and  left  vesicles  are  lettered  Pr.  in  the  transverse 
section  represented  in  Fig.  7Ga^  cut  anterior  to  the  rostrum;  each 
prominence  is  a  greatly  heiglitened  ridge,  with  folded  outer  siirfacc^, 
lying  between  the  fovea  and  the  pit  {A.  L.  V.)  of  the  antero-lateral 
vesicle.  This  relation  is  somewhat  ditKcult  to  describe,  but  may'be 
understood  by  comparing  the  surface  view  of  Fig.  71,  PI.  VI,  with 
the  section,  Fig.  7Ga,  PI.  VII.  These  projecting  knobs  of  the  median 
walls  of  the  antero-lateral  vesicles  might  suggesr,  from  the  examina- 
tion  of  surface  views  alone,  that  they  are  additional  cephalic  append- 
ages;  but  that  they  cannot  be,  for  each  is  simply  an  ectoblastic 
elevation  that  has  no  special  coelomic  sac. 
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The  postero-lateral  vesicles  are  exhibited  in  Fig.  71,  PI.  VI  (P.  L. 
W)  at  the  earlier  stage  when  they  are  stili  separate  from  the  antero- 
lateral  vesicles  {A.  L.  F.)  ;  a  transverse  seetion  of  them  in  this  stage 
Ì8  shown  in  Fig.  76b,  PI.  VII.  Later  their  anterior  margins  and 
the  posterior  margins  of  the  antero-lateral  vesicles  grow  to  meet  each 
other,  as  shown  in  Figs.  79  and  80c;  Fig.  SOa  indicates  the  method 
of  elosure  of  each  postero-lateral  vesicle  by  overgrowth  of  its  margin. 
The  antero-lateral  and  postero-lateral  vesicles  are  the  beginnings  of 
the  optic  ganglia. 

Another  change  is  the  graduai  widening  of  the  ventral  sulcus  (Sul. 
V.,  Figs.  71-74,  PI.  VI;  79,  PI.  VII),  illustrated  best,  perhaps,  by 
eomparison  of  Figs.  74  and  78.  This  sulcus  has  become  somewhat 
diamond-shaped,  widest  at  the  juncture  of  thorax  and  abdomen,  nar- 
rowing  cephalad  as  well  as  caudad.  It  extends  from  the  stomodaeum 
to  about  the  caudal  lobe,  and  marks  the  region  where  there  is  no  meso- 
blast.  By  its  widening  it  occasions  a  stili  grcater  reduction  of  the 
extraembryonic  area  (that  part  in  Figs.  71-73  of  which  the  nuclei  are 
indicated  by  stippling)  ;  and  it  is  the  clearest  anticipation  of  the 
reversion  proccss  soon  to  follow. 

The  chelicera  (CVieZ.,  Fig.  72,  PI.  VI)  and  their  ganglia  {Chel.  0.) 
are  stili  poststomial;  subsequently  each  cheliceron  acquires  a  slight 
maxillary  process  on  its  mesial  border  (Fig.  79,  PI.  VII).  The 
maxillary  plates  of  the  pedipalps  are  well  marked  (Figs.  71,  72,  PI. 
VI;  79,  PI.  VII).  The  other  thoracal  appendages  (L.  1-L.4,  Figs. 
71-74,  78,  79)  are  becoming  longer  and  more  bent,  with  four  or  five 
joiuts  apiece;  in  the  stage  of  Figs.  78  and  79  those  of  opposite  sides 
meet  ventrally. 

The  four  pairs  of  abdominal  appendages  (Ab.  2b-Ab,  56,  Figs.  71, 
73,  74,  PI.  VI;  78,  PI.  VII)  bave  grown  larger  and  the  two  more 
posterior  pairs  (prospective  spinnerets)  are  the  largest;  ali  are  some- 
what blunt  and  rectangular  in  form;  the  most  posterior  pair  are 
shown  on  seetion  in  Fig.  77.  The  caudal  lobe  (Caud.,  Figs.  71-73, 
PI.  VI;  78,  PI.  VII)  is  short,  apically  rounded  and  slightly  project- 
ing  above  the  extraembryonic  area  (Fig.  80e).  While  the  seventh 
and  eighth  abdominal  segments  are  at  first  stili  distinguishable  (Ah. 
7,  /16.  8,  Fig.  71,  PI.  VI),  they  later  fuse  with  the  caudal  lobe  (Fig. 
78,  PI.  VII). 
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The  mesoblast  of  the  cephalic  region  shows  the  same  general  dis- 
position  as  in  the  preceding  stage  (rostral  mesoblast,  R.  Mes.,  and 
cheliceral,  Chel.  Mes.,  Figs.  75b-76c,  80a-d).  The  cheliceral  meso- 
blast has  grown  laterad  to  some  degree  and  also  to  some  extent 
beneath  the  cheliceral  ganglia  (Fig.  76c),  but  is  stili  separated  frora 
the  stomodaeum.  The  thoracal  mesoblastic  sacs  bave  grown  little 
save  that^  owing  to  the  widening  of  the  ventral  sulcus,  those  of  the 
right  side  bave  separated  further  from  those  of  the  left,  and  that 
those  of  the  same  side  bave  come  to  meet  each  other  longitudinally. 
Bach  abdominal  appendage  has  a  mesoblast  sac  with  coelom  (Ab.  5.6, 
Fig.  77)  and  so  does  the  caudal  lobe  (Caud.,  Figs.  75a,  80e). 

The  entoblast  in  the  stage  of  97  hours  has  increased  and  is  arranged 
in  scattered  groups  of  cells  in  the  region  of  the  abdominal  appendages 
(Eni.,  Fig.  77)  as  well  as  in  the  caudal  lobe  (Ent.j  Fig.  75a)  ;  its 
disposition  indicates  continuing  formation  from  the  mesentoblast. 
In  the  stage  of  108  hours  it  forms  a  nearly  continuous  sheet  beneath 
the  caudal  lobe  and  the  segments  immediately  anterior  to  this,  seen 
best  on  median  section  (EnL,  Fig.  80e)  ;  its  nuclei  are  smaller  and 
flatter  than  those  of  the  splanchnic  mesoblast  (Sp.  Mes.), 

The  extraembryonic  blastoderm  is  continuing  the  process  of  pro- 
liferating  blood  cells,  and  as  these  cells  separate  from  the  blastoderm 
they  migrate  upon  the  yolk  to  get  into  the  embryonic  body.  Figs.  75a 
and  75b  show  some  blood  cells  (Bl.)  stili  extraembryonic,  and  other 
larger  ones  that  bave  moved  beneath  the  caudal  lobe.  Fig.  80a  ex- 
hibits  a  group  of  them  developing  just  anterior  to  the  head  lobe, 
and  Figs.  76a  and  80c  just  lateral  to  it.  Those  that  bave  reached  the 
embryonic  body  He  for  the  most  part  between  it  and  the  yolk  (or 
vitellocytes),  but  occasionally  some  occur  within  the  mesoblast  or 
even  the  coelom.  There  is  no  indication  that  any  of  the  blood  cells 
are  mesoblastic  or  embryonic  in  orgin  ;  on  the  contrary,  the  centers  of 
formation  lie  exclusively  in  the  extraembryonic  blastoderm,  and  the 
latter  has  now  ceased  to  produce  vitellocytes  and  is  forming  blood 
cells  only. 

The  nervo  ganglia  of  the  stage  of  97  hours  are  little  different  from 
those  of  the  preceding  stage,  but  at  108  hours  (Figs.  78,  79)  they 
are  hardly  distinguishable  on  surface  views.    The  cheliceral  ganglia 
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are  to  be  seen  in  Figa.  76c,  80a,  80b,  Chel.  (?.,  and  lie  behind  the 
mouth.  The  pair  of  the  first  abdominal  segment  are  transversely 
wider  than  those  of  the  other  abdominal  segmenta  (Figs.  73,  74,  PI. 
VI;  78,  PI.  VII). 

9.  l^he  Stage  of  Reversion. 

Det^ils  of  this  stage  are  illustrated  on  PI.  Vili,  and  the  upper  row 
of  figures  (81-86)  represent  the  external  conditions  that  may  be 
described  first. 

On  comparing  Figs.  81-86  of  this  piate  with  Figs.  78,  79,  PI.  VII, 
and  Figs.  71-74,  PI.  VI,  it  will  be  seen  that  reversion  consists  to  great 
extent  in  a  movement  of  the  caudal  lobe  to  a  ventral  position  almost 
in  line  with  the  f ourth  pair  of  legs,  together  with  a  shortening  of  the 
abdomen.  An  earlier  stage  of  the  proeess  is  exhibited  in  Fig.  81,  and 
a  later  in  Fig.  82,  while  the  amount  of  the  movement  may  be  appre- 
ciated  by  comparing  Fig.  84  with  Fig.  73.  Several  other  changes 
are  concomitant,  to  wit:  (1)  AH  the  abdominal  appendages  come  to 
lie  in  approximately  the  same  transverse  line  with  the  caudal  lobe 
(Fig.  82)  ;  (2)  the  ventral  sulcus  (Sul  v.,  Figs.  81,  82,  84)  is  much 
shortened  and  widened  so  as  to  be  roughly  triangular  in  outline  with 
the  base  of  the  triangle  resting  against  the  abdomen;  (3)  the  bases 
of  the  thoracal  limbs  are  pushed  much  f  urther  dorsad  ;  (4)  the  extra- 
embryonic  region  has  become  obliterated  save  in  the  dorso-median  line 
(ff.^Figs.  84-86). 

The  mechanical  causes  of  reversion  will  be  discussed  under  the 
heading,  "Summary  of  Observations." 

Previous  to  reversion  the  chelicera  lay  postoral,  but  now  they  are 
anterior  even  to  the  rostrum  (Figs.  82,  83),  as  are  their  ganglia 
(Chel.  G.,  Figs.  83,  85).  The  relations  of  these  ganglia  to  the 
stomodaeum  is  shown  on  longitudinal  sections  in  Figs.  89,  90,  9 la, 
and  on  transverse  sections  in  Figs.  87a,  b;  they  embrace  the 
stomodaeal  tube  laterally,  are  continued  anteriorly  (dorsally)  to  it, 
and  are  sinking  below  the  ectoblast. 

Other  notable  changes  bave  been  effected  in  the  cephalic  region. 
The  mouth  opening  is  reduced  to  a  slit  (Sto.,Fìg.  82)  ;  the  stomodaeum 
has  grown  inwards  stili  deeper,  it  is  shown  in  its  full  extent  in  Fig. 
90,  and  its  blind  inner  end  is  somewhat  dilated.    The  rostrum  is  to  be 
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seen  on  longitudinal  section  in  Figs.  89-9  la  and  on  surface  views  in 
Figs.  82,  83,  85  ;  it  has  maintained  its  f  ormer  position  while  the  cheli- 
cera  have  pushed  f  orward  to  its  levai.  The  cerebral  ridges  of  the  earlier 
stages  have  sunk  beneath  the  surface  to  constitute  the  cerebral  ganglia 
(Ce.  G.j  Figs.  83,  85,  87a,  b,  89-91a)  ;  they  lie  further  dorso-posterior 
than  the  other  parts  of  the  brain,  and  each  of  them  is  curved,  as  best 
shown  in  Figs.  85  and  91a.  Between  them  and  the  rostral  surface 
lie  the  optic  ganglia  (Opt.  G.,  Figs.  83,  85,  89,  90)  that  have  been 
formed  by  the  union  of  the  antero-lateral  and  postero-lateral  vesicles 
(A.  L.  V,,  P.  L.  V,,  Fig.  87b).  It  is  somewhat  difficult  to  be  sure  of 
the  precise  relations  of  these  cephalic  ganglia  on  account  of  the  fold- 
ing  and  invagination  they  have  undergone,  and  on  the  surface  views 
represented  in  Figs.  83  and  85  they  are  below  the  surface,  and  conse- 
quently  somewhat  obscured.  But  Fig.  89  indicates  their  relations  on 
a  longitudinal  section,  and  Figs.  87a  (in  the  piane  of  the  stomo- 
daeum)  and  87b  (anterior  to  this  piane)  on  two  oblique  transverse 
sections  of  one  embryo  ;  the  latter  two  figures  show  that  the  cheliceral 
ganglia  (CheL  G.)  are  nearest  the  midline  and  embrace  the  stomo- 
daeum  anteriorly  and  laterally,  that  the  cerebral  ganglia  (Ce.  G.) 
adjoin  these  dorso-laterally,  and  that  the  optic  ganglia  (A.  L.  V., 
P.  L.  V.  )  touch  them  ventro-laterally.  AH  these  ganglia,  as  those  of 
the  thorax,  are  developing  neuropile  (shown  in  the  drawings  by 
stippling). 

At  this  stage  appear  the  antero-median  eyes,  as  ectoblastic  infold- 
ings  above  the  rostrum  (M.  E.,  Figs.  89,  91a). 

In  the  thoracal  region  the  legs  exhibit  about  five  joints  apiece 
(Figs.  81-86),  and  the  maxillary  process  of  the  pedipalps  is  well 
developed  (Ped.  M.,  Fig.  83).  The  dorsal  surface  view,  Fig.  85, 
shows  how  the  bases  of  these  extremities  have  moved  much  further 
dorsad,  and  how  by  an  ectoblastic  dorsad  growth  the  extraembryonic 
region  has  become  reduced  to  the  narrow  band  of  the  heart  (H). 

The  abdominal  region  is  shown  on  surface  views  in  Figs.  81-8G. 
Boundary  lines  between  its  component  segments  are  seen  as  divisions 
in  its  lateral  areas  (Figs.  81,  84,  86)  demarcating  the  anterior  five 
segments.  Of  the  four  pairs  of  abdominal  appendages  (Figs.  81,  82, 
84,  86)  the  third  and  fourth  pairs  (Ab.  4:b,  Ab.  56)  are  much  the 
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largest,  and  these  will  form  the  spinnerets,  but  bave  not  yet  produced 
glandular  ìngrowths.  The  second  pair  of  appendages  are  the  smallest 
and  are  connected  on  each  side  by  an  oblique  ridge  with  the  first 
pair  (Fig.  86).  The  first  pair  of  abdominal  appendages,  those  of 
the  second  segment,  are  beginning  to  invaginate  as  the  lung  books  ;  it 
is  interesting  to  note  that  primary  lamellae  arise  simultaneously  with 
the  deepening  of  the  lung  sac,  shown  on  surface  view  in  Fig.  86,  and 
on  sections  in  Figs.  9 le,  92,  93,  Pul.  C.  denoting  the  lung  cavity  and 
Pul.  L.  the  primary  lamellae.  Fig.  93  is  a  section  through  the 
fourth  leg  (L.  4),  the  first  abdominal  ganglion  (Ab.  1  (?.),  the  lung 
hook  and  the  third  and  fourth  abdominal  appendages  {Ab.  3b,  Ah. 
4.b)  ;  and  Fig.  9 le  through  the  lung  hook  and  a  portion  of  the  third 
abdominal  segment  (Ab.  3).  Figs.  89  and  9 la  also  exhibit  the  early 
lung  books.  Each  lung  hook  has  three  lamellae  composed  of  ectoblast. 
The  tail  lobe  at  the  earlier  part  of  the  reversion  (Caud.,  Fig.  81)  is 
stili  somewhat  posterior  to  the  appendages,  but  subsequently  (Figs. 
82,  84,  86)  it  moves  forward  to  about  their  level.  Its  shape  is  seen 
best  in  Figs.  84  and  85,  and  its  terminal  apex  is  elevated  above  the 
surface  of  the  embryo  (Fig.  91b).  This  tail  lobe  represents  the 
fusion  of  the  caudal  lobe  proper  (telson)  with  the  three  posterior 
abdominal  segments.    There  is  stili  no  proctodaeal  invagination. 

The  nerve  ganglia  of  the  thorax  (Figs.  89,  91a)  are  contiguous,  a 
composite  of  those  of  the  pedipalps  (Ped.  (?.)  and  the  four  legs  (Zr.  1 
G.'L.  4  0.).  The  first  abdominal  ganglion  (Ab:  1  G.,  Fig.  89)  seeras 
to  be  fused  with  the  other  abdominal  ganglia  forming  a  compound 
ganglion  united  with  the  most  posterior  thoraeal.  Ali  these  ganglia 
are  stili  connected  with  the  superficial  ectoblast. 

Ali  cephalic  and  thoraeal  mesoblast  sacs  are  shown  in  Fig.  91  a. 
The  rostral  sacs  are  the  largest  in  the  embryo  (R,  CoeL,  Figs.  87a,  b, 
89-91a),  they  bound  the  cerebral  ganglia  (C^.  G,,  Figs.  89,  91a) 
posteriorly  and  those  and  the  chelicoral  ganglia  laterally  (Fig.  87a), 
are  continued  into  the  rostrum  (Bos.,  Figs.  89-91a)  and  along  the 
dorso-anterior  aspect  of  the  stomodaeum.  These  are  very  voluminous 
sacs,  but  much  foUled  by  the  invagination  of  the  several  parts  of  the 
brain.  They  meet  in  the  midline  within  the  rostrum  and  along  the 
antero-dorsal  border  of  the  stomodaeum  (Fig.  90),  also  dorso-posterior 
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to  the  cerebral  ganglia  (Fig.  87a),  where  a  cleft  between  them  marks 
the  eephalic  end  of  the  heart.  In  comparison  with  them  the  cheliceral 
sacs  are  small,  but  little  larger  than  those  of  the  thorax;  they  are 
seen  on  median  section  in  Fig.  91a  (CheL  Coel.)  postero-lateral  to 
the  stomodaeum  (Sto.)  and  they  show  a  cellular  thickening  of  the 
wall  next  this;  what  this  thickening  may  represent  I  do  not  know, 
unless  it  be  a  portion  of  the  poison  gland.  They  are  continuous  with 
the  rostral  sacs  only  along  the  stomodaeum.  Within  the  abdomen 
there  are  separate  coelomic  cavities  for  segments  one  to  five  inclusive, 
but  with  the  fusion  of  the  more  posterior  abdominal  segments  their 
mesoblast  sacs  bave  fused  to  compose  a  pair  that  extend  into  the 
caudal  lobe;  these  may  be  detectcd  on  surface  view  (Caizd.,  Fig.  82) 
and  more  clearly  on  transverse  section  (CoeL,  Fig.  87c). 

With  the  movement  of  the  caudal  lobe  and  its  consequent  elevation 
above  the  abdominal  area  (Caud.,  Figs.  84,  86)  it  has  come  to  in- 
clude an  axial  tube  of  definitive  entoblast.  Fig.  87c,  M.  G.,  shows 
this  mesenteron  on  transverse  section  bounded  on  either  side  by  meso- 
blast, and  Fig.  91b  on  longitudinal  section.  The  latter  figure  illus- 
trates  how  the  inner  end  of  this  tube  is  continuous  with  a  layer  of 
entoblast  {E ut.)  next  to  the  yolk  {Vit.).  The  commencement  of  the 
mesenteron  as  a  tubular  structure  is  within  the  caudal  lobe,  and  this 
tube  is  anteriorly  continuous  with  a  single  interrupted  entoblastic 
layer  situated  at  the  postero-ventral  border  of  the  yolk  mass.  At  no 
other  point  in  the  embryo  is  there  definitive  entoblast,  but  at  ali  places 
save  in  a  portion  of  the  head  region  the  yolk  is  bordered  by  mesoblast  ; 
in  the  head  (Fig.  87a)  the  yolk  is  divided  anteriorly  by  the  rostral 
mesoblast  sacs  into  a  right  and  left  moiety,  each  placed  between  a 
(more  mesial)  rostral  sac  and  the  (more  lateral)  thoracal  sacs,  and 
anteriorly  each  yolk  moiety  comcs  in  contact  with  ectoblast  (see  the 
right  side  of  Fig.  87b).  Entoblast  appears  to  be  absent  in  the  dorsal 
abdominal  region. 

The  reversion  of  the  embryo  with  the  rapid  growth  of  the  dorsal 
margins  of  thorax  and  abdomen  bave  produced  the  heart.  This  is 
lettered  H  in  Figs.  82,  84-86,  and  is  a  dorso-median  tube  extending 
from  the  cerebral  ganglia  to  the  base  of  the  caudal  lobe.  Interseg^ 
mental  boundaries  represent  the  beginning  of  its  vessels,  and  these 
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are  to  be  seen  in  Figs.  84-86.  At  its  anterior  end,  which  will  become 
the  cephalic  artery  of  the  adult,  it  is  bounded  by  the  mesial  walls  of 
the  rostral  mesoblast  sacs  (Fig.  87a).  In  the  embryo  at  reversion 
the  pairs  of  ostia  are  more  numerous  than  in  the  adult — about  seven 
or  eight  in  number.  An  earlier  and  a  later  stage  in  the  heart  develop- 
ment  are  shown  in  Figs.  88  and  87d,  respectively,  both  being  portions 
of  transverse  sections  of  the  dorsal  region.  In  Fig.  88  right  and 
left  coelomic  sacs  (Coel.),  each  with  somatic  (So.  Mes.)  and  splanch- 
nic  layer  (Sp.  Mes.)  bave  approximated,  and  in  the  midline  between 
them  is  an  archicoelic  space,  the  heart  (H),  bounded  ventrally  by 
yolk  (ViL).  This  early  heart  space  contains  biood  cells  (Bl.)  ;  and 
the  splanchnic  mesoblast  on  each  side  of  it  is  thickened  to  make  the 
beginning  of  the  walls  of  the  heart  tube.  The  later  condition  is  shown 
in  Fig.  87d;  the  heart  cavity  (H.)  is  now  completely  enclpsed  by 
"splanchnic  mesoblast,  this  being  the  heart  wall,  while  the  coelomic 
space  on  either  side  of  it  is  the  pericardial  cavity.  There  is  no  doubt 
that  at  this  stage  the  heart  cavity  is  archicoelic,  its  wall  of  splanchnic 
mesoblast,  and  the  pericardial  cavity  coelomic  in  origin.  Within  the 
heart  lie  two  kinds  of  blood  cells  ;  smaller  cells,  the  origin  of  which  I 
bave  not  traced,  though  there  seems  to  be  no  evidence  of  mesoblastic 
origin,  and  the  large  cells  with  chromidial  nets  whose  history  we 
bave  learned.  Most  of  these  larger  cells  are  now,  as  before,  archicoelic 
in  position,  placed  between  the  yolk  and  the  splanchnic  mesoblast  or 
between  the  ectoblast  and  the  somatic  mesoblast  (Fig.  88).  Bnt 
occasionally  they  are  found  within  the  coelom,  as  is  the  case  with 
the  most  right-hand  one  of  Fig.  87d  ;  this  is  not  surprising,  f or  the 
mesoblast  is  discontinuous  at  many  points,  and  at  any  one  of  them  a 
blood  celi  could  pass  from  the  archicoel  into  the  coelom.  These  blood 
cells  are  for  the  most  part  dorso-median,  within  the  heart,  but  many 
He  right  and  left  of  it  (Figs.  88,  87d),  at  the  anterior  end  of  the 
heart  there  is  a  crowded  mass  of  them  (Fig.  87a)  and  others  also  in 
more  lateral  positions  (Figs.  87a,  b,  89-91a)  between  ectoblast  and 
yolk.  But  anterior  to  the  caudal  lobe  there  are  none  in  ventral  posi- 
tion and  relatively  few  far  lateral  from  the  dorso-median  line,  hence 
the  reversion  process  has  translocated  most  of  them  dorsad.  The  pos- 
terior  end  of  the  heart  is  drawn  in  Fig.  91b,  where  some  of  the  blood 
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cells  lie  between  the  entoblast  and  the  mesoblast  With  the  disappear- 
ance  of  the  extraembryonic  area  forination  of  blood  cells  seems  to 
end,  or  at  least  I  found  no  new  centers  of  proliferation,  probably 
therefore  new  blood  cells  are  from  now  on  produced  by  division  of 
the  old  ;  perhaps  the  small  cells  within  the  heart  bave  been  f  ormed  in 
this  way. 

10.  The  Oerm  Cells. 

I  bave  given  much  time  in  the  attempt  to  trace  the  origin  of  the 
germ  cells,  but  bave  reached  only  inconclusive  results.  In  my  paper 
on  the  fertilization  (1907)  I  described  an  extranuclear  mass  near 
one  of  the  nuclei^  of  the  four-cell  stage,  and  suggested  that  such  a  body 
might  represent  either  abnormally  placed  chromosomes  or  else  a 
normal  chromatin  exclusion.  "In  no  other  cells  of  the  two-cell,  four- 
cell  or  eight-cell  stage,  either  in  the  anaphase  or  the  rest  condition, 
were  bodies  like  these  found,  so  that  it  is  fair  to  conclude  that  the 
two  eggs  first  mentioned  were  abnormal."  Now,  I  find  extruded 
chromatin  masses  in  most  of  the  cells  invaginating  at  the  anterior 
cumulus,  and  some  of  these  cells  appear  to  originate  within  the  cyto- 
plasm  structures  somewhat  similar  to  nuclei,  a  phenomenon  that  I 
propose  to  treat  specially  at  another  time;  but  similar  bodies  occur 
in  what  appear  to  be  germ  cells,  so  that  their  presence  is  not  a  sign  of 
somatic  differentiation. 

No  evidence  of  germ  celi  segregation  could  be  found  until  the 
later  portion  of  the  gastrulation  process,  and  then  in  the  region  of  the 
blastopore  of  the  anterior  cumulus.  In  Fig.  28,  PI.  II,  is  exhibited 
a  celi  with  a  nucleus  much  larger  than  those  of  any  other  cells 
((?.(?.  ?)  ;  it  borders  on  the  gastrocoel,  and  may  be  the  first  definitive 
germ  celi,  but  the  only  reason  for  so  supposing  is  the  great  size  of  :ts 
nucleus.  In  the  same  situation  is  found  a  little  later  a  gi*oup  of 
eight  cells  immediately  lining  the  gastrocoel  (G.  C.  ?,  Figs.  37b,  38b, 
PI.  Ili)  ;  these  are  unbranched,  thus  differing  from  the  early  vitello- 
cytes,  they  possess  relatively  clear  nuclei  and  are  much  larger  than 
the  early  mesentoblastic  cells  (Mes.  E,,  Fig.  37a).  With  the  oblitera- 
tion  of  the  gastrocoel  and  the  flattening  of  the  anterior  cumulus  these 
cells  become  indistinguishable,  so  that  they  either  become  branched 
like  vitellocytes  or  else  by  dìvision  become  as  small  as  the  mesento- 
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blast  cellfi.  At  the  stage  of  the  early  abdominal  segmenta  are  f  ound  in 
the  abdominal  midline  separated  patches  of  small  cells  (G.  C.  ?,  Figs. 
54,  56b,  61,  PI.  V)  ;  these  may  be  definitive  entoblast,  but  differ  from 
the  entoblast  of  later  stages  in  being  branched  and  from  the  vitello- 
cytes  in  their  much  smaller  size,  therefore  they  may  be  germ  cells. 
In  later  stages  I  could  not  distinguish  germ  eclls  from  entoblast,  and 
the  geni  tal  organs  arise  considerably  later  than  the  stage  of  reversion. 

II.    SUMMAEY  OF  ObSERVATIONS  WiTH  CoMPARISON  OF  THE 
LlTERATUBE. 

11.     Cleavage  Up  to  Gastrulation. 

The  egg  before  segmentation  shows  cytoplasm  around  the  centrai 
pronuclei,  and  a  delicate  network,  placed  between  the  yolk  globulcs, 
connecting  this  centrai  cytoplasmic  mass  with  a  fine  peripheral  layer. 
The  yolk  consists  of  an  outer  layer  of  radiai  pyramids  and  an  inner 
layer  of  large  granules  not  so  disposed  ;  I  bave  not  specially  studied 
the  segmentation  of  the  yolk  during  cleavage  because  the  fixation 
employed  coagula ted  the  yolk  in  the  earlier  stages.  Cleavage  consists 
in  repeated  nuclear  divisions,  the  nuclei  as  they  become  more  numer- 
ous  move  nearer  and  nearer  to  the  surface  of  the  egg,  whereby  the 
centrai  cytoplasmic  mass  divides  into  as  many  portions  as  there  are 
nuclei  and  the  intravitellar  cytoplasmic  network  shortens  until  ali 
nuclei  and  ali  cytoplasm  become  placed  on  the  surface.  During  the 
earlier  cleavage  a  centrai  fluid  mass  forms  in  the  egg.  Inequality  in 
rate  of  nuclear  division  comraences  at  the  32-cell  stage.  At  the 
stage  of  140  cells  ali  the  nuclei  bave  become  superficial,  equally 
numerous  at  ali  points  on  the  surface,  thus  forming  the  early  blasto- 
derm.  No  nuclei  remain  in  the  yolk  and  no  polarity  of  the  egg  can 
be  distinguished  up  to  this  stage.  On  the  blastoderm  the  ventral 
embryonic  area  (germ  disc)  becomes  established  by  more  rapid  multi- 
plication  of  nuclei  in  that  region  and  by  migration  of  other  nuclei 
toward  that  pole;  then  for  the  first  time  appear  distinct  celi  mem- 
branes,  and  these  form  gradually  as  the  separate  cytoplasmic  masses 
come  in  apposition.  The  superficial  cytoplasmic  layer  is  not  divided 
into  celi  areas  before  this  period. 

In  much  of  the  preceding  work  more  attention  had  been  given  to 
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the  changes  in  the  yolk  pyramids  than  to  the  eytoplasm  and  nuclei. 
Claparède  (1862)  found  the  blastoderm  to  be  at  first  a  single  layer 
of  cells;  and  Salensky  (1871,  Theridium)  and  Ludwig  (1876,  Philo- 
dromus)  described  the  yolk  pyramids  and  movement  of  the  cleavage 
nuclei  to  the  surface.  Then  Balbiani  (1873,  Agelena,  Tegenaria, 
Epeira)  studied  the  cleavage  and  concluded  that  the  cleavage  nuclei 
move  into  particular  preformed  celi  territories  of  the  superficial  cylo- 
plasmic  layer  (conche  germinative)  ;  this  particular  conclusion  of 
Balbiani's  careful  memoir  has  not  been  substantiated  by  subsequent 
students.  Balfour  (1880)  believed  each  yolk  segment  to  be  a  celi 
and  the  eytoplasm  to  consist  of  an  envelope  for  each  nudeus  and  a 
reticulum  around  the  yolk  granules.  Sabatier  (1881)  has  added 
nothing  of  importance  to  our  knowledge.  Locy  (1886,  Agelena) 
showed  that  the  supposed  celi  territories  of  Balbiani  are  the  result  of 
the  pressure  of  yolk  columns  upon  the  superficial  blastoma,  and  that 
these  do  not  come  to  coincide  with  the  later  blastoderm  cells;  he 
found  also  that  the  cleavage  nuclei  reach  one  pole  of  the  egg  first,  that 
called  by  him  the  "animal-pole,"  and  that  ali  the  nuclei  are  deriva- 
tives  of  a  single  originai  one.  He  is  the  only  observer  to  note  a 
polarity  of  the  egg  before  cleavage:  "One  hemisphere  is  character- 
ized  by  small  yolk  corpuscles  packed  closely  together,  though  not 
joined  in  masses,  and  the  other  by  agglomerations  of  larger  yolk 
corpuscles." 

Morin  (1887)  described  a  centrai  cytoplasmic  mass  with  fine 
strands  radiating  from  it,  showed  that  at  the  eight-cell  stage  the  yolk 
divides  into  eight  equal  masses  placed  around  a  cleavage  cavity  ;  then 
these  divide  further  foUowing  division  of  their  nuclei,  forming 
rosettes,  and  ultimately  ali  the  cells  reach  the  surface  of  the  egg. 
Schimkewitsch  (1887)  corrobora ted  in  some  points  Ludwig  and  Locy, 
found  that  the  number  of  yolk  pyramids  at  the  end  of  the  cleavage 
varies  with  the  species  ;  there  is  no  independent  superficial  layer  of 
eytoplasm,  but  the  protoplasm  occupies  the  center  of  the  egg;  later 
(1898)  he  showed,  correcting  bis  conclusions  of  1887,  that  ali  the 
cleavage  nuclei  reach  the  surface  to  form  the  blastoderm,  none 
remaining  within  the  yolk.  Kishinouye  (1800)  calls  the  centrai 
eytoplasm  the  "centroplasm,"  and  the  peripheral,  the  "periplasm," 


Digitized  by 


Google 


Thos.  H.  Montgomery. 

he  finds  that  the  yolk  columns  are  as  numerous  as  the  nuclei,  and  that 
at  a  stage  of  aboiit  30  cells  ali  the  cells  reach  the  surface  to  constitute 
the  blastoderm,  their  cytoplasm  masses  then  fusing  with  the  perì- 
plasm. 

12.  Qdstrulation  and  Formation  of  the  Qerm  Layers. 
There  first  forms  a  thickening  of  the  germ  disc  at  a  point  slightly 
posterior  to  its  center,  this  is  the  anterior  cumiilus,  and  it  becomes 
only  slightly  elevated  above  the  surface  of  the  egg.  It  is  at  first  circu- 
lar,  with  a  shallow  circular  gastrocoel,  and  rapid  celi  proliferation 
takes  place  from  it.  This  anterior  cumulus  proliferates  first  vitello- 
cytes,  branched  highly  vacuolated  cells  that  ingest  yolk  rapidly  and 
some  of  which  sink  into  the  yolk,  while  most  wander  along  its  surface 
just  beneath  the  germ  disc;  and  second,  mesoblast  and  mesentoblast 
cells  that  scatter  upon  the  surface  of  the  yolk.  A  second  or  posterior 
cumulus  arises  posterior  to  the  former  and  somewhat  later  in  time, 
usually  at  the  posterior  edge  of  the  germ  disc  ;  it  is  more  elevated  and 
prominent,  and  its  thin  anterior  bordcr  marks  the  future  thoraco- 
abdominal  boundary  ;  it  has  no  gastrocoel  and  proliferates  only  vitello- 
cytes.  The  two  cumuli  become  later  connected  by  movement  of 
vitellocytes  between  them.  Stili  other  vitellocytes  arise  at  the  anterior 
and  lateral  margins  of  the  germ  disc.  The  gastrulation  process  is 
accordingly  threefold:  (1)  at  an  anterior  and  (2)  a  posterior  cumu- 
lus, and  (3)  at  the  anterior  and  lateral  margins  of  the  germ  disc, 
from  ali  of  which  points  arise  vitellocytes,  but  only  from  the  first  does 
mesoblast  and  mesentoblast  originate.  The  layer  between  ectoblast 
and  vitellocytes  seems  to  bave  exclusive  origin  from  a  group  of  about 
eight  cells  placed  at  the  anterior  cumulus,  the  descendants  of  tbese 
eight  cells  moving  in  ali  directions  beneath  the  germ  disc;  in  the 
protozonite  stage  this  layer  is  only  one  celi  deep,  and  within  the 
oephalothorax  it  is  true  mesoblast,  but  in  the  abdominal  area  it  is 
miesentoblast.  The  mesoblast  of  the  cephalothorax  splits  into  a 
somatic  and  a  splanchnic  layer.  The  mesentoblast  of  the  abdomen 
extends  along  its  whole  length,  and  is  not  limited  to  the  caudal  lobe; 
it  splits  first  into  an  outer  layer  of  somatic  mesoblast  and  an  inner 
layer  of  mesentoblast,  then  the  inner  layer  separates  into  splanchnic 
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mesoblast  and  definite  entoblast.  It  is  not  until  the  stage  of  the  early 
abdominal  linib  buds  that  the  entoblast  distinctlv  segregates  from  the 
mesoblast  in  the  abdominal  region,  and  it  is  not  a  continuous  layer  ; 
not  until  the  stage  of  reversion  does  the  entoblast  form  a  tubular  mid- 
gut,  then  only  within  the  eaudal  lobe  and  in  consequence  of  the  eleva- 
tion  of  this  lobe  above  the  embryo,  while  even  at  the  stage  of  reversion 
the  entoblast  is  stili  a  discontinuous  layer  in  the  abdomen  anterior  lo 
the  eaudal  lobe.  The  definite  entoblast  arises  only  abdominal,  none 
of  it  originates  with  the  cephalothorax,  for  the  whole  gut  (stomo- 
daeum)  of  the  cephalothorax  is  ectoblastic;  it  segregates  relatively 
late  and  even  at  the  time  of  reversion  lines  the  yolk  only  posteriorly 
and  ventrally.  The  cephalothorax  possesses  only  ectoblast  and  meso- 
blast. The  vitellocytes  do  not  form  entoblast,  and  though  my  study 
does  not  include  stages  late  enough  for  me  to  decide  this  point,  the 
evidence  is  that  the  vitellocytes  take  no  part  in  the  formation  of  the 
intestine,  but  play  much  the  same  role  as  the  periplast  (periblast) 
cells  of  vertebrates.  After  the  gastrulation  new  vitellocytes  are 
formed  from  the  extraembryonic  blastoderm. 

Claparède  (1862)  described  a  centrai  "cumulus  primitif,"  which 
is  at  first  a  rounded  eminence,  then  elongates  to  pyriform  shape, 
extending  back  to  the  "pole  anal"  and  proliferating  cells  along  its 
whole  length  ;  at  the  stage  of  the  early  segments  he  identified  it  with 
an  eminence  placed  dorsally  between  head  and  tail  lobes.  Then  Salen- 
sky  (1871,  Theridium)  found  a  funnel-like  invagination  developing 
in  the  middle  of  the  germ  disc,  the  opening  of  which  finally  closes, 
and  the  cells  proliferated  from  it  wander  beneath  the  whole  blasto- 
derm ;  bef ore  this  invagination  closes  there  arises  behind  it  a  transi- 
tory  mound  of  blastoderm  cells.  Balbiani  (1873)  corroborated 
Claparède  in  the  appearance  of  a  primitive  cumulus  near  the  center 
of  the  germ  disc  on  the  more  flattened  surface  of  the  egg;  at  that 
point  the  blastoderm  is  more  than  one  celi  layer  deep,  and  it 
is  the  center  of  that  thickened  portion  that  gradually  elevates 
itself;  near  it  arises  by  celi  proliferation  a  wider  area,  the 
"tache  posterieure,"  distinct  from  the  cumulus;  the  "tache  pos- 
térieure"  represents  the  cephalic  lobe,  while  the  cumulus  takes 
a  dorsal  position  (dorso-caudad  from  the  cephalic  lobe).     Balfour 


Digitized  by 


Google 


330  Thos.  H.  Montgomery. 

(1880,  Agelena)  was  the  first  to  employ  actual  scctioiis  in  the  study 
of  these  relations  ;  he  found  a  cumuhis  appearing  near  the  edge  of  the 
germ  disc  ("ventral  piate"),  near  the  center  a  larger  "white  area," 
and  determined  that  a  line  connecting  the  two  marks  the  future  long 
axis;  he  is  inclined  to  identify  the  white  area  with  the  future  pro- 
cephalic  lobe,  and  the  cumulus  with  the  caudal  lobe.  Celi  invagination 
takes  place  at  least  in  the  region  of  the  white  area,  and  the  cumulus 
is  "the  point  where  the  first  traces  of  the  future  mesoblast  become 
visible."  The  thickening  of  these  areas  is  due  mainly  to  celi  multipli- 
cation,  but  in  part  also  to  addition  of  cells  from  the  yolk.  The  ven- 
tral  piate  then  divides  into  epiblast  and  mesoblast;  the  splanchnic 
mesoblast  becomes  formed  by  yolk  cells  adding  themselves  to  the  ven- 
tral  piate,  and  so  probably  arises  the  intestine  (that  appears  much 
later).  According  to  Balfour,  accordingly,  both  splanchnic  mesoblast 
and  entoblast  are  formed  from  yolk  cells  adding  themselves  to  the 
embryo.  Locy  (1886)  found  a  depression  succeeded  by  a  primitive 
cumulus  "at  one  end  of  the  flattened  surface  of  the  egg  *  *  *  a 
second  thickening,  which  I  shall  cali  the  caudal  thickening,  now 
makes  its  appearance  on  the  flattened  surface  of  the  egg,  at  a  distance 
of  about  80°  from  the  cumulus."  It  increases  rapidly  in  size,  spread- 
ing  out  most  in  the  direction  of  the  cumulus,  and  ultimately  becomes 
shield-shaped.  In  the  region  between  these  two  structures  the  ventral 
piate  is  gradually  formed  by  a  blastodermic  thickening,  which  is 
not  at  first  continuous  with  the  two  terminal  thickenings.  Celi 
proliferation  occurs  in  the  region  of  both  eminences.  In  the  stage 
of  the  protozonites  the  embryonic  area  consists  of  ectoderm  and  mc=io- 
derm,  but  Locy  has  not  presented  detailed  observations  on  the  segrega- 
tion  of  the  two  mesoblast  layers  and  first  appearance  of  the  entoblast. 
Lendl  (1886)  obsen'ed  on  the  blastodenn  a  "Primi ti vhiigel"  that 
Comes  to  take  a  caudal  position,  and  a  "weiJ^ser  Fleck";  the  yolk 
cells  compose  the  entoblast.  Morin  (1887)  found  that  from  the 
center  of  the  embryonic  thickening  cells  separate  themselves,  some 
to  enter  into  the  yolk  as  entoblast  cells  and  others  to  remain  upon  the 
yolk  as  mesoblast.  The  cumulus  of  the  authors  is  pres<>nt  in  Pholcus 
and  Drdssus,  but  absent  in  Theridion,  and  arises  after  the  germ  layers 
are  well  formed  ;  it  consists  of  a  mass  of  mesoblast  cells,  later  it  sepa- 
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ratea  from  the  mesoblast  to  occupy  a  dorsal  positiou  and  give  rise  to 
blood  cells.  Briice  (1887)  described  the  primitive  cumulus  as  well 
formed  before  the  blastoderm  is  complete.  '^It  is  very  probably 
formed  both  by  the  division  of  cells  which  bave  reached  the  surface 
and  by  the  addition  to  these  of  yolk  cells"  ;  from  it  comes  the  meso- 
blast Eashinouye  (1890)  stated  that  near  the  center  of  the  blasto- 
derm there  arises  a  "primary  thickening"  that  is  to  be  compared 
with  a  blastopore,  and  a  little  later  a  "secondary  thickening";  the 
former  in  widening  pushes  the  latter  to  the  margin  of  the  germ  disc 
(but  whether  the  latter  lies  anteriorly  or  posteriorly  is  not  stated). 
The  germ  layers  form  from  both  thickenings,  but  more  specially  from 
the  primary.  "Cells  *  *  *  proliferata  into  the  yolk  and  be- 
come  scattered  without  any  definite  arrangement  through  the  entire 
yolk.  These  are  the  entoderm  cells."  Then  Schimkewitsch  (1887, 
1898, 1906)  has  given  the  most  detailed  study  of  ali.  Ali  the  cleavage 
cells  reach  the  surface  to  constitute  the  blastoderm,  then  some  of  them 
(yolk  cells  or  vitellophags)  sink  secondarily  into  the  yolk.  A  cumulus 
primitivus  arises  at  the  middle  of  the  blastoderm,  and  then  a  "zweiter 
Fleck"  before  (sic!)  this  ;  these  become  later  connected.  The  cumulus 
is  the  point  of  formation  of  the  mesentoblast  and  also  of  additional 
yolk  cells,  along  the  line  of  a  lengthened  blastopore.  In  the  anterior 
region  of  the  embryo  the  mesoblast  and  entoblast  become  early  dis- 
tinct  from  each  other,  while  at  the  posterior  end  (caudal  lobe)  em- 
bryonic  mesentoblast  continues  to  proliferate  mesoblast  and  entoblast. 
From  these  and  from  the  vitellocytes  Schimkewitsch  distinguishes 
mesoblastic  phagocytes,  cells  that  arise  wherever  mesoblast  cells  touch 
the  yolk  ;  they  are  smaller  than  the  vitellocytes,  but,  like  these,  ingest 
yolk.  The  dorsal  cumulus  of  Claparède  and  Morin  is  held  by 
Schimkewitsch  to  be  a  true  tubular  dorsal  organ  and  not  a  part  of 
the  blastopore.  The  entoblast  consists  of  the  posterior  anlage,  from 
which  arise  the  cloacal  sac,  the  malpighian  vessels  and  the  intestinal 
epithelia;  and  of  scattered  cells  on  the  yolk  surface  that  form  the 
epithelia  of  the  liver  sacs. 

It  will  be  seen,  then,  that  there  is  much  confusion  with  regard  to 
tlie  formation  of  the  germ  layers-.  The  consensus  of  opinion,  op- 
posed  only  by  Balfour  and  Bruce,  is  that  the  yolk  cells  sink  from 
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the  blastoderm  into  the  yolk  secondarily,  and  with  this  view  my  con- 
clusions  agree.  Then,  I  agree  with  Schimkewitsch,  in  contradiction 
to  the  other  writers,  that  the  yolk  cells  do  not  originate  the  entoblast 
or  take  part  in  the  formation  of  the  embryo;  but  my  results  differ 
from  those  of  Schimkewitsch  in  finding  that  no  entoblast  arises  within 
the  oephalothorax,  and  in  finding  no  good  distinction  between  vitello- 
eytes  and  phagocytes — ^perhaps  because  I  bave  not  studied  the  later 
stages  when  the  phagocytes  are  most  conspicuous.  There  is  also  cou- 
fusion  with  regard  to  the  two  *'cumuli."  What  I  bave  called  the 
"interior  cumulus"  evidently  corresponds  to  the  "cumulus"  of  Clapa- 
rède  (before  segmentation  of  the  embryo),  the  anterior  invagination 
of  Salensky,  the  "white  area"  of  Balfour,  the  "weisser  Fleck"  of 
Lendl,  and  the  "cumulus"  of  Schimkewitsch,  this  having  a  more 
centrai  position  and  forming  earlier  ;  while  my  "posterior  cumulus" 
would  correspond  with  the  "posterior  mound"  of  Salensky,  the 
"cumulus"  of  Balfour,  the  "Primitivhiigel"  of  Lendl,  the  "secondary 
thickening"  of  Kishinouye,  and  the  "weisser  Fleck"  of  Schimke- 
witsch. In  this  comparison  I  disagree  with  Schimkewitsch's  conclu- 
sion  that  bis  "weisser  Fleck"  arises  anterior  to  the  anterior  cumulus, 
while  I  agree  with  him  that  the  so-called  "cumulus"  of  Morin  is,  as 
the  one  described  by  Claparède  after  the  appearance  of  the  segments, 
incomparable  with  the  gastrulation  cumuli.  Balbiani  and  Loey 
also  observed  two  cumuli,  but  since  they  failed  to  indicate  the 
boundaries  of  the  gemi  disc  it  is  difiìcult  to  understand  their  ac- 
counts.  My  conclusion  is  peculiar  that  only  the  anterior  cumulus 
forms  mesentoblast. 

13.  Segmentation  and  Appendages  of  the  Cephalothorax, 

The  mesoblast  at  the  termination  of  gastrulation  is  a  continuous 
single  layer;  its  later  segmentation  occasions  the  appearance  of  the 
protozonites  (early  somites).  The  germ  disc  changes  from  a  circular 
to  an  ovoid  outline,  then  its  broader  end  marks  the  region  of  the 
head,  and  its  narrower  end  (caudal  lobe)  marks  the  position  of  the 
earlier  posterior  cumulus.  The  earliest  stage  seen  of  segmentation 
was  one  with  four  protozonites,  which  seem  to  appear  almost  if  not 
qui  te  synchronously  ;  these  are  the  segments  of  either  (1)  the  four 
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ambulatory  appendages,  or  (2)  the  pedipalps  and  three  anterior 
ambulatory  appendages  ;  the  latter  alternative  is  probably  the  correct 
one,  for  the  stage  with  five  segments  (pedipalpal  and  four  ambula- 
tory) shows  the  most  posterior  more  distinct  than  the  most  anterior. 
The  cheliceral  segment  does  not  abstrict  from  the  posterior  margin 
of  the  head  lobe  until  the  other  segments  exhibit  beginnings  of  appen- 
dages. The  appendages  are  produced  by  lateral  movement  of  the 
mesoblast  away  from  the  midline,  this  occasioning  also  the  clear 
median  line  or  ventral  sulcus  (region  from  which  the  mesoblast  has 
withdrawn)  ;  with  this  division  of  the  mesoblast  is  formed  a  pair  of 
coelomic  sacs  for  each  of  the  segments  mentioned.  The  stomodaeum 
arises  as  an  ectoblastic  invagination  of  the  head  lobe  anterior  to  its 
middle  point;  its  external  lips  are  mere  ectoblastic  thickenings,  dis- 
tinct at  first  from  the  rostrum  ;  it  is  at  first  anterior  to  the  chelicera 
and  their  ganglia,  but  the  latter  move  anterior  to  it  at  the  time  of 
reversion.  The  head  lobe  contains  two  pairs  of  coelomic  sacs  distinct 
from  the  start:  the  more  posterior  and  smaller  cheliceral  sacs,  and 
the  more  anterior  and  much  more  voluminous  rostral  sacs.  The  head 
region  possesses,  accordingly,  two  segments,  demarcable  not  externally, 
but  by  mesoblast  sacs:  the  more  anterior  and  larger  of  these  seg- 
ments is  the  rostral,  and  as  its  appendages  are  to  be  considered  the 
two  small  rostral  tubercles,  which  arise  later  than  the  chelicera  as 
a  pair  of  small  tubercles  just  anterior  to  the  stomodaeum,  and  which 
now  fuse  to  make  the  prestomial  rostrum;  the  rostral  coelomic  sacs 
extend  into  their  bases.  The  rostrum,  accordingly,  represents  a  pair 
of  true  preorai  appendages,  of  which  the  rostral  sacs  constitute  the 
coelom  and  the  cerebral  ganglia  the  neuromeres.  There  is  no  evi- 
dence  of  other  preorai  appendages.  The  cephalothorax  consists  of 
seven  segments.  The  mesoblast  sacs  of  the  cephalothorax  are  at  first 
latero-ventral  in  position  and  (except  those  of  the  rostrum)  with 
coelomic  spaces  only  in  the  "region  of  the  appendages  ;  gradually  they 
^tend  dorsad,  but  it  is  mainly  the  reversion  of  the  embryo  that 
brings  those  of  opposite  sides  in  proximity  on  the  dorsal  aspect  of 
the  embryo.  Of  the  appendages  both  chelicera  and  pedipalps  de- 
velop  maxillary  processes,  but  those  of  only  the  pedipalps  persist  into 
the  adult. 
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Claparède  (1862)  saw  no  segmented  stage  eailier  than  that  of  six 
cephalothoracic  segmenta,  and  described  these  as  appearing  simul- 
taneously;  the  rostrum  comes  from  an  unpaired  anlage.  Balbiani 
(1873)  found  the  earliest  segments  to  be  the  pedipalpal  and  the 
segments  of  the  first  two  leg  pairs  (these  nearly  synchronously), 
f ollowed  by  those  of  the  third  and  f  ourth  legs,  then  by  the  most  ante- 
rior  (eheliceral)  which  arises  from  the  cephalic  lobe.  Balfour 
(1880)  described  a  stage  with  procephalic  and  caudal  lobes  "and 
about  three  segments  between  the  two,"  which  segments,  he  considered, 
are  probably  those  of  the  first  three  leg  pairs;  the  pedipalpal  and 
eheliceral  segments  are  later  in  origin,  and  the  eheliceral  cuts  off 
from  the  head  lobe.  The  mesoblast  of  the  head  lobe  (procephalic 
lobe)  is  separated  from  that  of  the  chelicera,  and  the  two  coelomic 
sacs  that  compose  it  are  connected  in  the  midline  around  the  stomo- 
daeum.  "The  procephalic  lobe  represents  the  preorai  lobe  of  Chaeto- 
pod  larvae."  The  chelicera  are  postoral  in  position,  arising  behind 
the  ectoblastic  stomodaeum,  "and  terminate  in  what  appear  like 
rudimentary  chelae" — an  observation  shown  by  Schimkewitsch  to  bo 
erroneous.  Croneberg  (1880)  found  that  the  rostrum  is  formed  from 
a  paired  anlage,  and  eqiials  at  least  one  pair  of  extremities.  Locy 
(1886)  observed  the  earliest  segmentai  stage  to  consist  of  "three 
zonites  and  the  cephalic  piate.  *  *  *  The  addition  of  new 
zonites  to  those  already  existing  goes  on  rapidly;  the  two  anterior 
ones  (those  of  the  chelicerae  and  the  pedipalpi)  are  cut  off  from  the 
posterior  end  of  the  cephalic  piate.  *  *  *  The  other  zonites 
are  developed  from  the  caudal  piate."  *  *  *  ^  "prominent 
upper  lip  composed  of  two  lateral  clements"  later  arises  just  anterior 
to  the  stomodaeum.  The  ventral  sulcus  is  produced  by  the  mesoblast 
separatiug  medio-veiitrally.  Lendl  (1886)  alone  claimed  to  observe 
a  segment  arising  between  the  eheliceral  and  the  pedipalpal;  this 
"mandibular"  segment  is  said  to  develop  a  pair  of  "mandibles"  that 
later  fuse  with  the  unpaired  rostrum.  Morin  (1887)  described  tb^ 
germ  disc  as  becoming  triangular,  the  broader  end  of  which  (Vorder- 
lappen)  repre&onts  the  anlage  of  the  cephalothorax  ;  the  first  segment 
to  appear  in  the  sixth,  then  the  fifth,  and  so  on  from  behind  for- 
ward,  the  eheliceral  last;  there  is  an  independent  pair  of  coelomic 
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sacs  for  the  head  lobe.  Schiinkewitsch  (1887)  described  the  rostruni 
("lèvre  supérieure")  arising  as  a  pair  of  tubercles,  basally  con- 
tiguous,  just  anterior  to  the  mouth;  a  similar  pair  of  tubercles  aris- 
ing later  ("lèvre  iiiférieure")  border  the  mouth  posteriorly;  the 
rostrum  forms  by  coalescence  of  these  two  pairs.  The  mesoblast  of 
the  cephalic  lobe  is  continuous  with  that  of  the  chelicera,  but  later 
separates  from  it.  Ali  the  cephalothoracic  segments  appear  simul- 
taneously  excèpt  the  cheliceral.  Jaworowski  (189Ì)  described  in 
Trochosa  as  "antennae"  a  pair  of  small  unjointed  prominences  imme- 
diately  anterior  to  the  chelicera,  but  as  seen  on  surface  views  only; 
he  did  not  decide  whether  the  "Oberlippe"  (rostrum)  is  paired  in 
origin.  In  this  and  a  later  paper  (1892)  he  brings  evidence  to  show 
the  cleft,  crustacean,  nature  of  arachnid  extremities.  Kishinouye 
(1894)  found  the  mesoblast  of  the  head  lobe  continuous  with  that  of 
the  chelicera,  and  though  a  pair  of  coelomic  spaces  develop  for  the 
chelicera  and  two  pairs  later  for  the  head  lobe,  the  wall  of  ali  of 
them  remains  continuous.  Pokrowsky  (1899,  Pholcus)  described 
briefly,  and  from  a  surface  view  only,  two  pairs  of  "Kopfhocker" 
at  a  stage  when  the  limbs  are  jointed;  the  anterior  He  above  the 
antero-lateral  vesicle,  and  the  posterior  (which  he  compares  with 
the  "antennae"  of  Jaworowsky)  somewhat  posterior  to  them;  he 
figured  the  rostrum  as  bilobed.  Pappenheim  (1903,  Dólomedes) 
described  the  coelomic  sacs  of  the  cephalothorax,  and  found  that  of 
the  cephalic  lobe  to  be  from  the  start  separate  from  that  of  the 
chelicera  ;  the  "upper  lip"  and  "lower  lip"  are  differentiations  of  an 
unpaired  prominence  in  front  of  the  mouth;  Pappenheim  opposed 
the  existence  of  the  preorai  extremities  of  Jaworowsky  and  Pokrow- 
sky. Wallstabe  (1908)  finds  there  is  a  separate  head  coelom;  and  he 
also  discovered  a  special  egg  tooth  near  the  base  of  each  pedipalp. 

The  special  points  in  which  I  bave  compared  the  results  of  other 
investigators  are  (1)  the  order  of  appearance  of  the  cephalothoracal 
appendages  and  segments,  (2)  the  matter  of  an  independent  meso- 
blast in  the  cephalic  lobe,  and  (3)  the  matter  of  appendages  on  the 
cephalic  lobe.  Ali  observers  seem  to  agree  that  the  cheliceral  seg- 
ment  arises  latest  in  a  posterai  position  by  separating  from  the  head 
lobe,  and  that  at  reversion  the  chelicera  move  anterior  to  the  mouth. 
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My  observations  would  show  that  the  segmeiits  of  the  pedipalps  and 
legs  arise  almost  synchronously  in  accord  with  most  of  the  preceding 
work,  while  Balbiani  held  that  the  segments  of  the  third  and  fourth 
legs  appear  later  than  the  other  thoracal  segments,  and  Morin  held 
that  they  developed  in  order  from  behind  forward;  there  seems  to 
he  no  good  evidence  for  Morin's  view,  nor  yet  for  Lendl's  contention 
that  a  segment  appears  between  the  cheliceral  and  the  pedipalpal. 
My  results  are  in  agreement  with  those  of  Balfour  and  Pappenheim, 
and  in  opposition  to  ali  others,  that  the  mesoblast  of  the  head  lobe  is 
separated  from  that  of  the  cheliceral  segment  before  appendag^ 
appear.  My  views  uphold  also  that  of  Croneberg,  that  the  rostrum 
has  paired  origin  and  is  to  be  considered  a  pair  of  true  preorai 
appendages.  But,  with  most  other  observers,  I  agree  that  there  are 
no  other  true  cephalic  appendages;  the  "antennae"  of  Jaworowsky 
seem  to  be  simply  basai  portions  of  the  chelicera,  composing  what  is 
a  temporary  maxillary  piate  ;  and  the  "head  tubercles"  of  Pokrowsky 
evidently  correspond  to  the  walls  of  the  anterior  and  posterior  lateral 
vesicles  of  the  head  lobe,  which  are  ganglionic  formations.  Certain  it 
is  that  there  are  not  more  than  one  pair  of  coelomic  sacs  within  the 
head  lobe,  anterior  to  the  cheliceral  sacs. 

If  the  attempt  be  made  to  institute  a  comparison  with  the  Crus- 
tacea,  then  the  chelicera  of  the  arachnids  might  be  considered  homol- 
ogoiis  with  the  socond  antennae  of  the  crnstacean,  for  both  arise 
posterai  then  move  in  front  of  the  mouth,  and  this  view  was  expressed 
by  Korschelt  and  Heider  (1892)  ;  therefore,  the  rostral  appendages 
of  the  arachnid,  which  are  preorai  in  position,  might  correspond  with 
the  first  antennae  of  the  crustacean. 

14.  Segmentation  and  Appendages  of  the  Abdomen. 

The  abdomen  grows  in  length  rapidly,  after  the  early  thoracal 
segments  bave  appeared,  by  teloblastic  growth,  and  its  segments 
appear  successively  from  its  anterior  end  backward.  The  posterior 
caudal  lobe  is  a  true  telson.  Eight  segments  are  developed  anterior  to 
the  caudal  lobe,  but  at  reversion  the  three  posterior  segments  fuse 
with  this  lobe.  Of  these  segments  the  second  to  the  fifth  inclusive 
develop  limb  buds,  the  first  pair  becoming  the  lung  books  and  the 
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fourth  and  fifth  becomiiig  the  spinnerets.  Lamellae  appear  on  the 
posterior  surfaces  of  the  appendages  of  the  second  segment  before 
these  appendages  invaginate.  At  reversion  the  foiirth  and  fifth  pairs 
of  limb  buds  have  not  begun  to  proliferate  spinning  glands.  Each 
pair  of  limb  buds  develops  a  pair  of  coclomie  sacs,  and  so  does  the 
caudal  lobe,  but  in  segments  G-8  such  sacs  do  not  become  clearly 
distinguishable  ;  such  sacs  are  in  part  occasioned  by  withdrawal  of 
mesoblast  from  the  midline  forming  the  ventral  sulcus.  At  reversion 
these  sacs  come  to  meet  in  the  dorso-median  line. 

With  regard  to  the  number  of  abdominal  segments  the  authors 
diifer.  Thus,  anterior  to  the  caudal  lobe  proper  Claparède  (1862) 
found  in  Pholcus  eight  segments  and  Schimkewitsch  (1887)  twelve; 
Barrois  (1878,  Epeira)  found  nine;  for  Agelena  Balfour  (1880) 
observed  "probably"  nine,  Locy  (1886)  "at  least"  ten,  and  Kishi- 
nouye  (1890,  1894)  eight;  Jaworowsky  (1891)  found  twelve  in 
Trochosa,  and  Pappenheim  (1903)  nine  or  ten  in  Dolomedes.  Twelve 
Ì8  the  highest  number  given  for  any  case  and  eight  the  lowest  ;  doubt- 
less  the  number  may  differ  in  different  species  and  be  larger  in  the 
more  generalized,  though  the  individuai  opinion  of  what  constitutes 
a  segment  probably  introduces  an  error  into  the  count.  Barrois, 
Balfour,  Morin  and  Locy  overlooked  the  first  segment.  Kishinouye 
(1894)  has  given  one  of  the  most  thorough  account»  of  the  coelomic 
sacs:  "The  last  three  abdominal  segments  (sixth  to  eighth)  gradu- 
ally  degenerate  and  their  coelomic  cavities  seem  to  fuse  together  into 
one  pair.  The  pair  of  coelomic  cavities  thus  formed  by  fusion  is 
pushed  into  the  protuberance  of  the  tail  as  the  process  of  reversion 
proceeds."  Kishinouye  found  also  that  the  first  abdominal  segment 
disappears;  and  Bruco  (1887)  described  "posterior  to  the  last  tho- 
racic  appendages  a  swelling.  It  corresponds  in  position  to  the  oper- 
culum  of  Limulus"  ;  judging  from  Bruce's  figure,  this  is  to  be  con- 
sidered  the  first  ganglion.  Wallstabe  (1908)  found  in  Agelena  nine 
abdominal  segments  anterior  to  the  tail  lobe,  with  a  pair  of  coelomic 
sacs  for  each. 

Four  pairs  of  abdominal  appendages  placed  on  segments  two  to 
five  inclusive  were  described  by  Salensky,  Schimkewitsch,  Kishin- 
ouye, Wallstabe  and  Pappenheim,  four  pairs  were  seen  also  by  Bar- 
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rois;  Balfoiir,  Locy  and  Morin,  but  assigned  by  them  to  segments  one 
to  four  inclusive,  for  these  writers  overlooked  the  first  segment,  But 
other  appendagcs,  mostly  of  smaller  size,  bave  been  observed.  Thus, 
Claparède  saw  six  pairs  in  Cluhiona,  while  Korschelt  (1892)  found  in 
an  undetermined  species  appendages  on  the  first  segment  as  larga  as 
those  of  the  four  following  segmenta,  and  in  Ageleria  slightly  devel- 
opéd .  appendages  on  the  first  segment.  Then  Jaworowsky  (1892, 
1895)  noted  pairs  of  appendages  on  segments  one  to  eight  (the 
appendages  of  the  first  and  sixth  to  eighth  segments  being  very 
small.  I  may  add  that  I  bave  found  more  than  four  pairs  in  a 
species  of  Loxosceles,  on  which  I  intend  to  report  in  another  paper. 
The  observers  rightly  conclude  that  the  larger  number  of  appendages 
denotes  a  more  ancestral  condition. 

As  to  the  fate  of  these  appendages  there  is  some  conflict  of  opinion. 
Balfour  (1880)  stated  that  at  complete  reversion  the  "four  rudimen- 
tary  appendages  bave  disappeared,  unless — which  seems  to  me  in  the 
highest  degree  improbable — they  remain  as  the  spinning  mammillae, 
two  pairs  of  which  are  now  present'';  and  Schimkewitsch  (1887) 
also  maintained  that  the  abdominal  appendages  disappear  and  that 
the  spinnerets  are  new  formations.  Salensky  (1871)  first  showed 
that  the  appendages  of  the  second  segment  become  the  lung  books,  and 
this  important  discovery  has  been  corroborated  by  Locy,  Morin, 
Kishinouye,  Jaworowsky,  Simmons  and  Purcell.  Wallstabe  corrobo- 
rates  Simmons'  results,  but  without  giving  details.  Bruco  held  that 
"probably  two  abdominal  appendages  are  invaginated  to  form  each 
lung  hook,"  meaning  thereby  those  of  the  second  and  third  segments  ; 
but  he  was  mistaken  in  this  and  also  in  identifying  a  slight  fold  of 
the  floor  of  the  pulmonary  invagination  with  a  pulmonary  lamella. 
Simmons  (1894)  and  Purcell  (1895)  correctly  described  the  origin 
of  lung  lamellae  on  thè  posterior  surfaces  of  the  appendages  of  the 
second  segment,  bef ore  these  appendages  bave  invaginated,  but  I  shall 
show  in  another  paper  that  these  primary  lamellae  do  not  become 
the  lung  lamellae  of  the  adult;  Jaworowsky  (1892)  found  these 
appendages  to  become  the  opercula  of  the  lung  books,  and  studied 
(1894)  the  development  of  tlieir  lamellae  at  stages  later  than 
reversion.      The    appendages    of    the    third    segment    were    found 


Digitized  by 


Google 


The  Development  of  Theridium.  339 

by  Salensky  to  compose  a  vascular  sinus,  while  Balfour,  Locy, 
Morin,  Schimkewitsch,  Jaworowsky  found  they  simply  disappear, 
and  Korschelt  suggested  they  might  form  the  tracheae.  The 
appendages  of  the  fourth  and  fifth  segments  become  the  spinnerets, 
as  found  by  Salensky  and  corroborated  by  Locy,  Morin,  Kishinouye, 
Wallstabe  and  Jaworowsky  (1895)  ;  the  last  anthor  has  given  the  most 
detailed  account  of  them,  concluding  the  appendages  of  the  fourth 
segment  form  the  anterior  spinnerets  and  the  cribellum  (or  colulus), 
and  those  of  the  fifth  segment  the  median  and  posterior  spinnerets. 

15.  Orowth  Differences  of  Cephalothorax  and  Abdomen, 
The  cephalothorax  and  abdomen  show  certain  striking  differences 
in  their  growth  and  differentiation.  The  boundary  between  the  two 
can  be  recognized  as  a  thin  regìon  of  the  ectoblast,  a  little  anterior  to 
the  posterior  cumulus  at  an  early  stage  before  there  is  any  trace  of 
segmentation,  the  posterior  cumulus  practically  coinciding  with  the 
position  of  the  caudal  lobe.  Thus,  nearly  the  whole  extent  of  the 
cephalothorax  is  laid  down,  thereafter  to  lengthen  but  little  more, 
when  the  abdomen  is  represented  only  by  its  future  posterior  end. 
Then  with  the  segmentation  of  the  mesoblast  the  abdomen  com- 
mences  to  increase  rapidly  in  length,  pushing  around  upon  the  yolk 
until  the  caudal  lobe  finally  comes  into  contact  with  the  head  lobe. 
The  abdomen  is  in  most  of  its  extent  later  in  origin  than  the  cephalo- 
thorax, and  its  growth  is  strictly  teloblastic  by  the  formation  of 
successive  segments  f rom  its  anterior  end  caudad  ;  its  rapid  increase 
in  length  comes  suddenly  at  the  dose  of  the  gastrulation  period. 
This  rapid  elongation  of  the  abdomen  explains  why  the  caudal  lobe 
is  narrower  than  the  head  lobe.  Segmentation  appears  first  in  the 
cephalothorax,  and  its  five  posterior  segments  are  well  marked 
before  the  first  abdominal  becomes  evident;  further,  these  five  ce- 
phalothoracic  segments  seen  to  appear  simultaneously  or  nearly  so 
and  not  in  sequence  from  before  backward,  while  the  cheliceral  seg- 
ment, the  most  anterior,  is  the  one  to  form  latest.  Therefore  the 
segmentation  of  the  embryo  as  a  whole  is  not  teloblastic,  but  only 
that  of  the  abdomen;  regular  teloblastic  growth  takes  place  only 
between  cephalothorax  and  the  caudal  lobe.     Another  and  perhapa 
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more  striking  difference  is  that  the  cephalothorax  develops  no  ento- 
blast  and  of  the  alimentary  tract  possesses  simply  the  ectoblastic 
stomodaeum — it  is  composed  only  of  ectoblast  and  mesoblast;  a 
smaller  difference  is  that  the  cephalothoracal  extremities  (with  the 
exception  of  the  rostrum)  arise  at  the  lateral  margins  of  their  seg- 
ments  while  the  abdominal  extremities  are  more  mesi  al  in  position. 
The  abdomen  persists  until  a  late  stage  as  the  more  embryonic  por- 
tion, 

These  growth  differences  bave  been  indicated  by  previous  observ- 
ers,  though  not  specially  insisted  upon. 

16.  Central  Xervoiis  Si/stem, 
The  nerve  ganglia  arise  later  than  the  somites  and  are  hardly  per- 
ceptible  until  the  first  abdominal  segmeiits  are  formed;  they  are 
paired  ectoblastic  thickenings,  There  is  a  separate  pair  for  the 
chelicera  (distinct  from  the  cerebral  ganglia),  for  the  pedipalps,  for 
each  leg  pair,  and  for  each  of  the  seven  anterior  abdominal  segments, 
or  thirteen  in  ali,  exclusive  of  those  of  the  head  lobe.  The  anlages 
of  the  centrai  ganglia  are  the"  paired  cerebral  ridges  with  the  groove 
(fovea)  behind  each;  these  are  situated  at  first  at  the  antero-mesial 
border  of  each  half  of  the  head  lobe.  On  each  half  of  this  lobe,  biit 
more  lateral,  develops  a  little  later  an  invagination  with  heightened 
Wall,  the  antero-lateral  vesicle,  and  behind  the  latter  a  second  smaller 
pit,  the  postero-lateral  vesicle  ;  ultimately  each  half  of  the  head  lobe 
Comes  to  possess  an  obliquely  transverse  ridgc,  which  forms  one  com- 
mon border  to  the  fovea  and  the  lateral  vesicles.  The  fovea  and  the 
antero-lateral  and  postero-lateral  vesicles  are  thus  at  first  separate 
invaginations,  and  for  that  reason  niight  be  censi  dered  separate 
neiiromeres  ;  but  ali  three  are  inpushings  of  the  one  common  ectoblas- 
tic thickening,  the  head  lobe,  ali  become  subseqiiently  continuous  and 
there  is  only  one  mesoblastic  somite  (the  rostral)  beneath  them; 
therefore,  it  seems  best  to  consider  the  head  lobe  composed  of  but  one 
pair  of  neuromeres.  These  sink  beneath  the  surface,  the  cerebral 
ridges  and  foveae  to  form  the  (most  dorsal  and  posterior)  cerebral 
ganglia,  and  the  antero-lateral  and  postero-lateral  vesicles  to  form 
the   (more  lateral)   optic  ganglia.     At  the  stage  of  reversion  the 


Digitized  by 


Google 


The  Development  of  Theridium.    '  841 

cheliceral  ganglia  push  forward  to  add  themselves  to  the  brain,  im- 
medìately  bounding  the  stoniodaeum  dorso-laterally  and  thus  forming 
the  oesophageal  commissures.  The  rostrum  does  not  appear  to  pos- 
sess  separate  ganglia.  At  the  stage  of  reversion  the  neuropile  is 
developing,  though  stili  small  in  amount.  At  this  stage  also  the 
antero-median  eyes  arise  as  ectoblastic  invaginations  above  the  ros- 
trum. 

Claparède  described  late  stages  of  the  eye  development.  Salensky 
(1871)  was  the  first  to  describe  carefully  the  nervous  system;  he 
found  the  semicircular  grooves  (foveae)  of  the  cephalic  lobes,  found 
the  cerebral  ganglia  to  arise  by  invagination  of  these  lobes,  and  saw 
eight  pairs  of  ganglia  develop  in  the  cephalothorax  from  the  ecto- 
blast,  but  none  in  the  abdomen.  Balfour  (1880)  described  correctly 
the  origin  of  the  nerve  ganglia  from  the  ectoblast,  in  abdomen  and 
cephalothorax,  found  the  cheliceral  ganglia  arisfj  ^^quite  independent 
of  the  procephalic  lobes,"  and  observed  that  the  greater  part  of  the 
latter  "is  destined  to  give  rise  to  the  supra-oesophageal  ganglia."  On 
the  anterior  border  of  each  procephalic  lobe  he  distinguished  a  trans- 
verse "semicircular  groove."  He  showed  that  at  reversion  of  the 
embryo  the  cheliceral  ganglia  became  part  of  the  oesophagaeal  com- 
missures, and  that  the  abdominal  ganglia  fuse  together.  Locy  (1886) 
confirmed  Balfour's  results,  and  added  to  it  a  full  description  of  the 
development  of  the  eyes.  Morin  (1887)  saw  on  the  cephalic  lobes 
two  semicircular  grooves  which  dose,  sink  below  the  ectoblast  and 
"join  with  the  brain."  Bruce  (1887)  described  folds  on  the  head 
lobe  which  he  called  "amniotic  folds";  bis  figures  show  clearly  that 
he  was  describing  the  lateral  vesicles.  Schimkewitsch  (1887)  hcld 
the  cheliceral  ganglia  of  Balfour  to  he  the  basai  joint  of  the  che- 
licera  and  stated  (erroneously)  that  none  of  the  cephalothoracal 
ganglia  can  be  seen  on  surface  views.  He  gave  a  detailed  description 
of  the  nervous  system;  twel ve  abdominal  ganglion  pairs  develop  in 
Phólcus;  a  separate  ganglion  pair  for  the  rostrum,  and  in  the  abdo- 
men a  median  ganglionic  thickening  besides  the  lateral  ones.  Schim- 
kewitsch then  made  an  extended  comparison  of  the  nervous  system 
with  that  of  other  groups.  Kishinouye  (1890,  1894)  found  thè 
semicircular  gi'ooves  of  Balfour,  called  the  part  of  the  cephalic  lobe 
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anterior  to  each  the  "semicircular  lobe"  (this  equivalent  to  what  I 
Lave  called  the  cerebral  ridge),  and  found  the  semicircular  grooves 
become  the  chief  part  of  the  "brain"  ;  he  also  found  that  the  "lateral 
vesicles"  compose  a  part  of  the  "brain,"  and  described  the  origin  of 
the  eyes.  Pappenheim  (1903)  reached  conclusions  that  are  in  dose 
agreement  with  my  own;  from  his  fovea  semicircularis  of  the  head 
lobe  arises  the  cerebral  ganglia,  from  the  vesicula  lateralis  the  optic 
ganglion,  and  from  the  cheliceral  ganglia  the  oesophageal  commis- 
sures;  he  observed  the  abdomen  to  bave  independent  ganglion  pairs 
for  the  first  six  segments,  and  three  or  four  f used  ganglionic  pairs 
behind  those — ^the  abdomen  thus  possessing  more  neuromeres  thau 
somites. 

17.  Blood  Cells  and  Heart. 
The  blood  cells  first  differentiate  when  limb  buds  begin  to  appear 
on  the  abdominal  segments,  and  they  develop  entirely  from  the  extra- 
embryonic  blastoderm.  This  area  is  the  one  lateral  and  dorsal  from 
the  embryonic  body  which  consists  of  but  one  layer  of  cells,  ectoblast, 
and  which  previous  to  the  proliferation  of  blood  cells  had  fiirnished 
those  vitellocytes  that  are  formed  after  gastrulation.  At  numerous 
points,  blood  islands,  of  the  extraembryonic  ectoblast  the  cells  in- 
crease  in  size  and  the  chromatin  of  their  nuclei  enters  the  cytoplasm 
to  compose  coarse  chromidia;  such  cells  then  sink  beneath  the  ecto- 
blast to  lie  upon  the  yolk.  These  blood  cells  are  the  largest  of  ali  the 
cells  and  bave  exclusive  origin  from  the  extraembryonic  ectoblast  in 
regions  where  there  is  no  mesoblast.  Subsequently  they  move  along 
the  surface  of  the  yolk  into  the  embryonic  region,  where  they  come 
to  lie  for  the  most  part  between  the  yolk  and  the  embryonic  body, 
though  some  of  them  may  penetrate  into  the  mesoblast  or  even  into 
the  coelom.  At  reversion  the  extraembryonic  area  becomes  obliterated 
by  overgrowth  of  the  body  around  the  yolk,  and  then  ceases  the 
formation  of  blood  cells  from  the  blastoderm.  This  reversion  nar- 
rows  the  extraembryonic  area  to  a  dorso-median  space,  the  cavity  of 
the  heart,  bounded  on  either  side  by  the  dorsal  ends  of  the  somites; 
these  somite  walls  then  overreach  and  underreach  the  blastocoelic 
heart  cavity  and  the  wall  of  the  heart  tube  is  a  product  of  splanchnic 
mesoblast  ;  the  coelomic  cavity  lateral  of  the  heart  tube  is  the  begin- 
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ning  of  the  pericardi  al  cavity.  With  the  formation  of  the  heart  most 
of  the  large  blood  cells  become  placed  within  its  cavity.  The  heart 
is  formed  very  rapidly  as  a  continuous  dorsal  tube  extending  frora 
the  brain  region  (cephalic  artery)  caudad  to  the  caudal  lobe;  the 
dissepimeiits  (transverse  spacea  between  segments)  constitute  its 
earliest  vessels  or  ostia,  and  there  are  at  reversion  seven  or  eight 
pairs  of  these. 

Claparède  (1862)  and  Salensky  (1871)  found  the  heart  to  be 
solid  at  first,  and  its  core  later  changing  to  blood  corpuscles.  Balfour 
(1880)  reached  the  same  conclusion,  and  stated4he  heart  to  be  meso- 
blastic  "formed  before  the  dorsal  mesoblast  has  become  differentiated 
into  two  layers."  The  cells  which  I  bave  described  as  blood  cells  he 
considered  derivatives  of  yolk  cells.  Locy  (1886)  was  "convinced 
that  it  is  not,  as  Balfour  states,  developed  from  a  solid  cord  of  cells, 
but  from  the  dorsal  limb  of  the  upgrowing  mesoderm,  and  that  its 
dorsal  wall  is  closed  first."  He  maintained  that  the  aorta  developed 
later  from  the  mesenteron,  and  that  the  blood  cells  are  derivatives  of 
yolk  cells.  Morin  (1887)  found  large  extraembryonic  cells  ("links 
und  rechts  vom  Keimstreifen")  between  ectoblast  and  yolk  that  be- 
come blood  cells,  and  he  supposed  they  arise  from  mesoblast.  With 
the  dorsal  growth  of  the  mesoblastic  somites  at  reversion  these  large 
cells  come  to  lie  dorso-median,  and  the  heart  wall  is  formed  by  the 
ad j acent  mesoblast,  the  heart  cavity  being  archicoelic.  Schimke- 
witsch  (1887)  held  the  blood  cells  are  derivatives  of  "secondary 
entoblast,"  which  forms  from  yolk  cells  that  become  round,  rcach  the 
surface  of  the  yolk  and  get  into  coelomic  cavities;  ultimately  these 
become  placed  within  the  heart,  the  development  of  which  is  as 
Morin  described.  Kishinouye  (1890)  corroborated  Morin's  descrip- 
tion  of  the  heart  formation,  and  found  (1894)  that  "the  number  of 
the  slits  in  the  adult  heart  shows  approximately  the  number  of  the 
segments  which  took  part  in  the  formation  of  the  heart";  namely, 
the  second  to  the  fifth  abdominal  segments  inclusive. 

The  heart  cavity  is  archicoelic,  its  wall  mesoblastic,  and  the  peri- 
cardial  cavity  coelomic,  as  Morin,  Schimkewitsch  and  Kishinouye 
bave  insisted.  But  ali  the  writers  bave  failed  to  observe  the  very 
characteristic  formation  of  blood  cells  from  the  extraembryonic  ecto- 
blast. 


Digitized  by 


Google 


344  Thos.  H.  Montgomery. 

18.  The  Germ  Cells. 

Assumed  germ  cells  were  (1)  an  unusually  large  celi  in  the  vicini ty 
of  the  anterior  cumulus  at  the  late  gasitnilation,  succeeded  by  (2)  a 
group  of  some  eight  large  cells  immediately  bordering  the  gastrocoel, 
which  resemble  at  least  in  position  the  germ  cells  of  the  Scorpion  as 
described  by  Brauer  (1894),  and  (3)  discontinuous  median  masses 
of  small  cells  in  the  abdominal  region  before  reversion.  At  reversion 
no  germ  cells  can  be  recognized  with  certainty. 

None  of  the  observers,  Schirakewitsch,  Kishinouye,  Purcell, 
Strand,  who  bave  described  the  germ  glands  and  genital  ducts  distin- 
guished  germ  cells  until  after  the  stage  of  reversion. 

19.     Movement  of  PaHs  During  Dijferentiation. 

The  movements  of  the  protoplasra  dnring  the  course  of  development 
are  very  prominent  and  full  of  interest  from  the  mechanical  side. 
In  the  foUowing  lines  I  shall  attempt  to  briefly  analyze  them. 

The  ovarian  egg  has  its  cytoplasm  in  a  delicate  snperficial  layer 
(blastema),  and  in  a  delicate  intravitellar  reticulum  connecting  this 
with  the  cytoplasmic  mass  around  the  adcentral  nucleus.  Doubtless 
there  is  some  polarity  of  these  parts,  but  I  bave  not  been  able  to 
discover  it.  At  maturation  the  nucleus  becomes  placed  at  the  surface, 
where  it  originates  the  first  polar  body  ;  the  second  polar  spindle  then 
moves  centrad,  forming  the  second  polar  body  at  the  boundary  of  the 
outer  and  inner  yolk  layers,  and  the  egg  nucleus  (pronucleus)  finally 
reaches  the  center  again  (cf.  my  paper  of  1907).  These  move- 
ments are  in  ali  probability  due  to  cytoplasmic  currents.  For  it  is 
doubtf ul  whether  rounded  nuclei  or  mitotic  spindles  possess  automatic 
movements  ;  they  seem  to  be  transported  by  the  cytoplasm.  And  the 
fluid  yolk  substance  between  the  yolk  globules  is  probably  inert,  as 
are  certainly  the  globules,  and  such  flowings  as  it  may  exhibit  are 
probably  induced  by  cytoplasmic  influence. 

The  cleavage  of  the  egg  consists  of  movements  leading  to  the  trans- 
position  of  ali  nuclei  and  cytoplasm  to  the  surface.  This  also  is  a 
general  cytoplasmic  movement,  of  the  nature  of  either  a  flowing  or  a 
contraction. 

The  later  movements  are  in  part  upon  the  yolk  surface;  in  part 
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they  consist  of  movements  of  cells  within  the  yolk,  but  thcy  are 
blastodermic  and  not  vitellar. 

The  early  blastoderm  consists  of  a  peripheral  layer  of  cells 
equally  numerous  at  ali  points  of  its  siirface.  The  ventral  germ  disc 
became  established  by  (1)  more  rapid  multiplication  of  cells  at  that 
region,  and  (2)  to  less  extent  by  migration  of  cells  along  the  periphery 
toward  that  pole.  When  the  germ  disc  is  forming  there  appear  for 
the  first  time  celi  membranes,  while  before  this  period  the  only  celi 
membrane  was  the  vitelline  membrane,  and  the  cytoplasm  represented  - 
one  great  reticular  syncytium. 

During  gastrulation  there  are  two  movements.  First,  a  sinking  of 
cells  below  the  blastoderm  in  the  region  of  the  two  cumuli  and  along 
the  margins  of  the  germ  disc,  this  due  to  change  in  position  of  spin- 
dles  at  those  regions.  And,  second,  an  active  autonomous  wandering 
of  the  cells  (vitellocytes)  so  invaginated  partly  into  the  yolk,  but 
mainly  upon  it.  It  is  noteworthy  that  the  wandering  of  these  cells 
does  not  carry  them  into  the  extraembryonic  area,  therefore  some 
chemotactic  influence  must  hold  them  within  the  germinai  area.  The 
movement  of  the  vitellocytes  is  amoeboid  and,  to  some  extent,  inde- 
pendent  of  blastodermic  changes.  The  mesoblastic  and  mesento- 
blastic  elements  are  again  produced  by  vertical  mitoses,  but  their 
cells  remain  parts  of  the  blastoderm. 

The  elongation  of  the  germ  disc  is  due  to  rapidly  repeated 
mitoses  in  the  region  just  anterior  to  the  caudal  lobe,  and  this  is 
what  occasions  the  dislocation  of  that  lobe  around  the  surf  ace  of  the 


Coincident  with  this  lengthening  of  the  germ  disc  arise  the  pro- 
tozonites  by  a  segmentai  rearrangement  of  the  previously  continuous 
mesoblast,  the  latter  dividing  into  successive  transverse  masses. 
This  is  not  a  result  of  the  lengthening  of  the  embryo,  for  the  cephalo- 
thoracal  protozonites  appear  after  their  region  has  attained  its  full 
length.  It  is  rather  an  autonomous  movement  of  the  mesoblast  itself, 
a  dehiscence  of  its  cells  at  serially  repeated  points.  Neither  ectoblast 
nor  yolk  cells  share  in  this  process.  This  movement  seems  to  take 
place  by  mesoblast  cells  at  certain  points  passing  beneath  their  com- 
rades  to  form  the  splanchnic  layer;  certain  cells  at  the  anterior  border 
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of  each  protozonite  appear  to  move  caudad,  and  others  at  ita  posterior 
bordar  to  migrate  cephalad,  whereby  transverse  clefts  come  to  sub- 
divide the  mesoblast.  I  could  not  positively  ascertain  whether  this 
itself  is  due  to  change  in  position  of  cleavage  spindles  at  certain 
points  or  to  a  creeping  of  cells.  Immediately  afterward  each  pro- 
tozonite divides  into  a  right  and  loft  somite,  between  which  is  the 
ventral  nucleus  lined  only  by  ectoblast.  This  movement  also  is 
limited  to  the  mesoblast,  it  marks  the  separation  of  a  right  and  loft 
half  of  the  body,  and  seems  to  be  directly  due  to  automatic  movement 
of  mesoblast  masses  away  from  the  midi  ine.  One  of  its  immediate 
effects  is  the  outgrowth  of  the  appendages  with  their  enlarging 
coelomic  cavities.  There  is  no  likelihood  that  the  ectoblast  pulls  out 
the  mesoblast  in  the  formation  of  the  appendages,  rather  mesoblast 
must  push  out  ectoblast.  But  whether  the  appendages  are  originated 
by  outpushing  of  the  somatic  mesoblast  ifself  or  by  movement  of  yolk 
fluid  into  the  coelomic  cavities  is  an  open  question. 

After  the  first  appearance  of  the  appendages  other  changes  occur, 
of  which  the  first  three  are  movements  of  the  ectoblast  that  had  up 
to  this  time  remained  rather  passive.  First,  the  ectoblast  thickens 
right  and  left  of  the  midline,  forming  the  centrai  nervous  system. 
Unlike  the  mesoblast  segments,  the  ganglia  are  paired  from  the  start  ; 
this  is  due  to  vertical  mitoses  at  segmentally  separated  paired  points. 
Second,  there  is  invagination  of  the  stomodaeum  and  of  other  parts 
of  the  cephalic  lobo  (cerebral  ganglia,  anterior  and  posterior  lateral 
vesicles)  ;  this  is  in  part  due  to  vertical  position  of  the  mitotic  spin- 
dles, but  equally  to  invagination  of  layers  of  cells  engendered  probably 
by  mechanical  pressure  of  other  parts.  Third,  from  the  extraem- 
bryonic  ectoblast  arise  by  delamination  the  blood  cells,  and  these 
gradually  wander  into  the  embryonic  body  probably  by  amoeboid 
movement.  Lastly,  there  is  graduai  extension  dorsad  of  the  somites 
by  increased  celi  division  at  their  dorsal  borders. 

Summarizing  the  various  movements  just  detailed,  we  find  they 
ali  can  be  reduced  to  two  groups  of  phenomena:  (1)  cytoplasmic 
movements,  (2)  interaction  of  cytoplasmic  movements  with  external 
pressure  and  strains.  Of  the  first  group  we  find  :  (a)  movements  of 
the  cytoplasm  as  a  whole  bef ore  celi  membranes  become  established  ; 
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and  (6)  inovements  of  particular  cells  or  particular  groups  of  cells 
after  c^U  membranes  bave  appeared.  That  is,  the  fòrmation  of  rela- 
tively  firm  celi  membranes  inbibits  or  restricts  movements  of  the 
eytoplasm  as  a  whole,  it  reduces  such  movements  to  intracellular 
processes.  Therefore,  celi  membranes  are  not  only  of  importance  in 
metabolism,  acting  as  selective  osmotic  membranes,  as  the  physiolo- 
gists  bave  proven,  but  their  presence  is  likewise  a  f  actor  in  embryonic 
differentiation,  for  they  divide  the  embryo  into  somewhat  indepen- 
dent  territories,  each  of  which  then  pursues  its  own  differentiation 
process  more  or  less  apart  from  the  others.  Conklin  (1902)  has  most 
ably  and  minutely  analyzed  celi  movements  during  development  and 
resolved  them  into  cytoplasmic  flowings,  and  has  shown  how  impor- 
tant  a  f  actor  they  are  in  differentiation  ;  bis  observations  were  made 
upon  the  holoblastic  egg  of  a  Gasteropod.  But  I  believe  the  modify- 
ing  influence  of  the  presence  of  celi  membranes  upon  these  move- 
ments has  not  been  pointed  out.  Then,  in  the  Spider's  egg,  the  cyto- 
plasmic movements  after  establishment  of  celi  membranes  are  of  two 
kinds:  (1)  intracellular  movements  leading  to  change  in  position  of 
axes  of  mitotic  spindles;  and  (2)  cytoplasmic  flowings  in  the  rest 
stage  that  lead  to  amoeboid  locomotion  of  single  cells  (as  vitellocytes 
and  blood  cells),  and  to  dehiscence,  probably  also  by  amoeboid  move- 
ment,  of  masses  of  cells  (as  in  the  fòrmation  of  the  somites).  Cells 
that  exhibit  such  locomotion  are  in  a  senso  the  most  autonomous  and 
independent  of  ali;  and  their  locomotion  may  be  referable  to  par- 
ticular chemotactic  influences,  though  it  must  be  borne  in  mind  that 
the  idea  "chemotaxis"  is  not  explanatory,  but  is  often  evasive  of  the 
question  at  issue;  it  siraply  puts  substanee  in  the  place  of  motion. 

Finally,  I  would  discuss  one  complex  movement  of  the  embryo  as 
a  whole,  the  reversion  process,  and  w^e  may  first  meiition  the  explana- 
tions  that  bave  been  given  before.  Claparède  (1862)  explained  the 
process  of  reversion  as  accomplished  by  widening  of  the  ventral 
sulcus  bringing  the  bases  of  the  legs  to  the  dorsal  side,  while  the 
movement  of  the  tail  lobe  would  be  a  consequence  of  this  process. 
Barrois  (1878)  ascribed  reversion  to  displacement  of  the  anal  seg- 
ment  producing  modification  in  the  angle  of  divergence  of  the 
abdominal  "germ  bands";  but  he  did  not  explain  the  cause  of  the 
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first  movement  of  the  caudal  lobe.  Balfour  (1880)  referred  to 
"elongation  of  the  dorsal  region,  i.  e.,  the  region  on  the  dorsal  sur- 
f  ace  hetween  the  anal  and  procephalic  lobes"  ;  but  he  f  ailed  to  account 
for  such  dorsal  elongation.  Locy  (1886)  held  that  there  is  a  shorten- 
itìg  of  the  ventral  surf  ace  of  the  embryo  which  draws  the  tail-lobe 
forward,  thus  explaining  how  the  apex  of  this  lobe  becomes  separated 
from  the  surf  ace  of  the  embryo;  "a  shortening  of  the  ventral  band 
does  take  place,  which  is  at  least  equal  to  the  pre-existing  tail-f old,  and 
the  tail  is  in  consequence  drawn  forward  ventrally."  The  cause  of 
"the  ventral  movement  of  the  passive  yolk  mass  must  be  found  in  the 
relative  pressures  exerted  upon  it  by  the  dorsal  area,  on  the  one  hand, 
and  the  ventral  area,  on  the  other.  *  *  *  The  principal  force, 
then,  that  puUs  the  nervo  bands  away  from  the  ventral  surf  ace  is  the 
one  which  tends  to  reduce  the  width  (not  as  Balfour  will,  the  one 
that  increases  the  length)  of  the  dorsal  region.  The  evident  cause 
for  this  reduction  in  width  is  the  dorsal  concentration  of  the  ecto- 
dermic  elements  which  accompanies  the  formation  of  the  so-called 
terga,  and  this  is  also  the  cause  for  the  descent  of  the  yolk  mass." 
Wallstabe  has  given  tlie  most  detailed  description  of  the  external 
changes  during  reversion. 

Each  investigator  who  has  tried  to  explain  the  mechanics  of  rever- 
sion has  differed  from  bis  predecessor,  and  so  must  I.  The  process  is 
a  very  complex  one  and  can  hardly  be  ascribed  to  any  single  factor. 
The  first  intimation  of  the  process  is  the  widening  of  the  ventral 
sulcus,  particularly  in  its  middle  portion  (compare  Fig.  74,  Piate 
VI,  with  Fig.  78,  Piate  VII).  This  widening  cannot  be  due  to  auto- 
matic  growth  of  the  ventral  sulcus  itself,  for  this  is  composed  of  a 
very  thin  piate  of  cells  hardly  capable  of  exerting  a  strong  pressure 
upon  the  thicker  and  heavier  regions  of  the  embryo;  this  widening 
of  the  ventral  sulcus  is  rather  a  result  than  a  cause  of  the  reversion. 
A  pressure  is  exerted  upon  the  yolk  by  the  invagination  of  portion  of 
the  cephalic  region  (stomodaeum,  ganglia,  Figs.  89,  Ola)  ;  this  pres- 
sure would  be  transmitted  through  the  yolk  to  the  weak  portion  of 
the  embryo,  the  ventral  sulcus,  and  help  to  widen  the  latter.  But 
such  pressure  alone  would  be  incapable  of  producing  the  whole  set  of 
changes  that  take  place.     A  more  powerful  factor  is,  probably,  in- 
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crease  in  length  of  the  thoracic  limbs;  these  fairly  rigid  cylinders 
grow  in  length  and  thickness,  press  on  the  one  hand  against  the 
strong  chorion  of  the  egg,  on  the  other  against  the  lateral  walls  of 
the  thorax,  and  since  these  limbs  are  not  capable  of  much  bending 
they  would  press  the  lateral  walls  of  the  embryo  dorsad.  This  pres- 
sure would  tend  to  narrow  the  extraeinbryonic  area  and  thereby  to 
push  the  abdomen  oiit  of  its  dorsal  position. 

Further,  the  great  widening  of  the  ventral  sulcus  at  the  same  time 
shortens  this  sulcus,  and  this  shortening  would  exert  a  pulì  upon  those 
margins  of  the  abdomen  bordering  this  sulcus.  Throughout  these 
changes  the  yolk  mass  behaves  passively,  and  in  Theridium  does  not 
produce  a  particularly  prominent  ventral  sac.  Thus,  the  main  factor 
in  reversion  seems  to  be  the  lengthening  of  the  thoracic  appendages 
and  the  pressures  they  exert  upon  the  lateral  walls  of  the  body. 
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EXPLANATION  OF  PLATES  I-VHI. 

AH  the  drawiugs  are  made  with  the  eamera  lueida,  and  in  the  greater 
number  the  yolk  has  been  represented  by  simple  shading.  The  arrow  on  some 
of  the  figures  i)oints  to  the  anterior  (cephalic)  pole.  The  followlng  abbrevia- 
tions  haTe  been  employed: 

Ai),  l'Ai),  8,  Abdomlnal   segmenta  1-8.. 

Ah.  2.  B'AÌ).  5,  B.,  limb  biids  of  abdomlnal  segments  2-5. 

Ah.  G.  l'Ah.  O.  6,  abdomlnal  ganglia  1-6. 

A.  L.  V.,  antero-lateral  vesicle. 

Bl,  blood-eell. 

Caud.,  eaudal  lobe  (telson). 

Cav.f  eentrai  fluid  eavity  within  yolk. 

Cav.  B.f  outer  boundary  of  this  cavlty. 

Ce.  G.,  eerebral  gangllon. 

Ceph.,  eephallc  lobe. 

Ce.  R.f  eerebral  ridge. 

CheLy  eheliceron. 

Chel.  Coel.y  ehelieeral  eoelom. 

Chel.  O.,  ehelieeral  gangllon. 

Chel.  Mes.y  ehelieeral  mesoblast. 

Coel.f  eoelom. 

Cum.  A.,  anterior  eumulus. 

Cutn.  P.y  posterior  eumulus. 

Cyt.,  eytoplasm. 

Ect.,  eetoblast. 

Eni.,  definite  entoblast 

Ex.f  extraembryonie  blastoderm. 

Fov.,  fovea  semieircularls. 

Oang.,   gangllon. 

Oasi.,  gastroeoel. 

G.  B.,  perlpheral  boundary  of  germ  dise. 

O.  O.f  germ  eell. 

H.,  heart 

L.  l'L.  4.,  ambulatory  appendages   (or  their  segments). 
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L.  1.  G.-L.  4.  G.,  gauglia  of  ambulatory  appeudages. 

M.  E.,  median  eye. 

Med.  L,f  median  Une. 

Mes,,  mesoblast 

Mes.  E.,  mesentoblast. 

M.  G.,  midgut. 

Opt.  G.,  optic  ganglion. 

Ped.,  pedlpalp. 

Ped.  G.,  pedipalpal  ganglion. 

Ped  M,,  maxiUary  piate  of  pedipalp. 

P.  L.  y.,  postero-lateral  vesicle. 

Pr.j  prominence  of  antero-lateral  vesicle. 

Pul,  C,  invagination  cavlty  of  lung  book. 

Puh  L.,  lamellae  of  lung  book. 

R.  Coel.y  rostral  coelom. 

R,  Mes.j  rostral  mesoblast. 

Ras.,  rostrum. 

8o.  Mes,,  somatic  mesoblast. 

Sp.,  accessory  sperm  nuclei. 

Sp.  Mes.y  splanchnic  mesoblast. 

Sto,y  stomodaeum. 

Sto.  L,j  lateral  lip  of  stomodaeum. 

Sul.  A.,  sulcus  anterlor. 

Sul.   v.,   ventral   sulcus. 

Th.  Ah.,  boundary  of  tborax  and  abdouien. 

Vii.,  vitellus    (yolk). 

Vit.  C,  vitellocyte  (yolk  celi). 
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PLATE  I. 
Fio.  1. — Sectlon  of  egg  of  5  hours,  2-cell  stage,  ouly  a  portion  of  cyto- 
plasmic  meshwork   showu.      X    142. 

FiG.  2. — Segment  of  section  of  egg,  5^4  bours.  early  4-cell  stage,  meshwork 
of  cytoplasm  not  shown.     X  142. 

FiG.  3. — Composite  drawiiig  from  sectlons  of  egg  of  7\^  hours,  8-cell 
stage,  yolk  not  showu.     X  142. 

Fio.  4. — Segment  of  one  section  of  the  preoeding  egg.     X  142. 

Fio.  5. — Composite  drawing  from  section  of  egg  of  ca.  10%  hours,  16-cell 
stage,  yolk  not  shown,  perii)heral  layer  onJy  of  cytoplasm  reproduced. 
X  142. 

Fio.  6. — Segment  of  one  section  of  preceding  egg.     X  142. 

FiG.  7. — Composite  drawing  from  section  of  egg  of  11  hours,  about  32-cel1 
stage,  yolk  not  shown,  peripheral  layefr  only  of  cytoplasm  reproduced. 
X   142. 

Fio.  8. — Surface  view  of  one  hemisphere  of  an  egg  of  12  hours,  stage  of 
tjO-70  cells;  few  of  the  cells  have  reached  the  superficial  layer  of  cytoplasm. 
X  142. 

Fio.  9. — Segment  of  a  section  of  an  egg  of  the  stage  of  Fig.  10.     X  142. 

Fio.  10. — Surface  view  of  one  hemisphere  of  an  egg  of  ll^t  hours,  stage 
of  ca.  130-140  cells  in  superficial  position.     x  142. 

Fio.  11. — Similar  view  of  an  egg  of  14  hours,  stage  of  ca.  300  cells.    X  1^2. 
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PLATE  II. 

Fio.  12. — Surface  vlew  of  one  side  of  egg  of  19%  hours,  173  cells  shown 
on   thls  surface.      X    142. 

FiG.  13. — Portion  of  section  through  au  egg  of  the  same  stage  as  the 
preceding,  showing  the  ventral  pola  X  142. 

Fw.  14. — Section  through  anterlor  cumulus  of  an  egg  of  21  hours,  only 
2  cells  invaginated.     X  360. 

FiG.  15. — Surface  vlew  of  ventral  i)ole  of  an  egg  of  24  hours,  417  cells 
shown  on  thls  surface,  at  the  lower  part  of  the  figure  the  cells  appear  most 
crowded  because  that  portion  of  the  germ  disc  is  most  convex.  The  cells  have 
short  intercellular  processes  that  are  not  drawn.     x  142. 

Fio.  16. — Somewhat  oblique  cross  section  of  egg  pf  24  hours,  through  the 
anterlor  cumulus,  less  than  12  cells  luvaglnated.     X  142. 

Fio.  17. — Somewhat  oblique  cross  section  through  anterlor  cumulus  of  egg 
of  24  hours,  about  8  cells  Invaginated.     X  360. 

Fio.  18. — Ventral  view  of.unstalned  germ  disc  seen  in  alcohol,  22  hours. 
X  30. 

Fio.  19. — Cross  section  of  anterlor  cumulus  of  an  egg  of  22  hours,  12-13 
cells  invaginated.  X  360. 

Fio.  20. — Cross  section  of  an  egg  of  ca.  26  hours.    X  142. 

Fio.  21. — Cross  section  through  anterlor  cumulus  of  an  egg  of  ca.  26  hours, 
about  25  cells  invaginated.      X   360. 

Fio.  22. — Somewhat  oblique  ventral  view  of  germ  disc  of  28  hours,  some- 
what more  than  500  cells  shown.     X  142. 

FiG.  23. — Surface  view  of  unstained  germ  disc  of  30  hours,  seen  in  alcohol. 
X   30. 

Fio.  24. — Cross  section  of  anterlor  cumulus  of  an  egg  of  30  hours. 
X  360. 

Fio.  25. — Oblique  cross  section  of  anterlor  cumulus,  egg  of  30  hours. 
X  360. 

Fio.  26. — Surface  latero-ventral  view  of  germ  disc,  of  30%  hours,  with 
two  artificlal  breaks  in  Its  side;  the  Inner  boundlng  line  of  each  cumulus 
shows  how  deep  its  cells  project  Into  the  yolk  ;  268  cells  shown.     x  142. 

FiG.  27 Media n  section  through  both  cumuli  of  germ  disc,  30%   hours. 

X  142. 
WiQ.  28. — Median  section  through  anterlor  cumulus,  30%  hours.     X   360. 

Fio.  29. — Surface  view  of  unstained  germ  disc,  seen  in  alcohol,  54  honrs 
(same  stage  as  Fig.  30).     X  30. 
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PLATE  IH. 
Fios.  30,  A,  B. — Oblique  longitudìnal  section,  of  germ  disc  of  oa.  54  hours, 
A,  through  posterior  ciimiilus  (but  to  one  side  of  anterior  eumulus),  B,  lateral 
from  both   cumuli.      X    142. 

FiG.  31. — Cross  seotion  tbrougb  middle  of  germ  disc  of  egg  of  ca.  54  hours  ; 
vitellooytes  formlng  from  anterior  cumulus  and  from  lateral  marginai  germ 
disc.     X  142. 

Fio.   32. — Surface   view   of  germ   disc   of   ca.   54  liours,    seen   In   alcohol. 
X   30. 
Fio.  33. — Slmilar  vlew  of  germ  disc  of  ca.  50  hours.     X  30. 

Fio.  34. — Ventral  surface  view  of  egg  of  ca.  37  hours,  the  shaded  area 
marking  the  region  of  axlal  celi  invagination  ;  1222  cells  on  surface  of  the 
germ  disc.     X   142. 

Fio.  35. — Cross  sectlon  of  posterior  cumulus  ca.  37  hours.  x  360. 

Fio.  36. — Longitudinal  section  of  posterior  cumulus  ca.  37  hours.     X  360. 

Fra 8.  37  A.  B. — Oblique  cross  sections  of  anterior  cumulus  of  an  egg  of  ca. 
37  hours.     X  360. 

Fra.  38  A. — Oblique  longitudinal  section  of  germ  disc  through  the  anterior 
cumulus,  ca.  37  hours.    x  1^2. 

Fra.  38  B. — Section  of  the  anterior  cumulus  of  the  egg  shown  in  the  pre- 
ceding  figure,  drawn  to  larger  scale,     x  360. 

Fra.  39. — Cross  section  of  germ  disc  at  anterior  edge  of  anterior  cumulus, 
ca.  37  hours.     X  1^2. 

Fws.  40  A,  B. — Ventral  surface  views  of  a  germ  disc  of  ca.  49  hours; 
A,  shows  the  nuclei  of  the  superficial  cells  (1441  in  number)  ;  and  B,  the 
nuclei  of  the  larger  cells  (69  in  number)  that  bave  sunk  below  the 
former  and  spread  out  upon  the  surface  of  the  yolk.     X  142. 

Fio.  41  A. — Exact  mediàn  section  of  an  egg  of  ca.  49  hours.  X  1^* 

FiGS.  41  B,  C. — Two  other  longitudinal  sections  of  the  preceding  ^g, 
both  in  the  region  of  the  anterior  cumulus.     X  360. 
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PLATE  IV. 
Fio.  42  A. — Madian  section  of  germ  disc  of  ca.  49  hours.    X  1**2. 
Fio.  42  B. — Posterior  portion  of  the  same  section.     x  360. 

FiGS.  43  A-C. — Portions  of  cross  sections  of  an  egg  of  ca.  49  hours;  A,  In 
midllne  anterior  to  anterlor  cumulus;  B,  in  lateral  region;  C,  at  posterior 
cumulus.     X  360. 

Fio.  44. — Surface  view  of  unstained  germ  disc  of  ca.  49  hours,  seen  In 
alcohol.      X    30. 

B^o.  45. — Ventral  vièw  of  germ  disc  with  4  protozonites,  60%  hours.  X  ^• 
Fio.  46. — Ventral  view  of  germ  disc  with  5  protozonites,  60  hours.  X  60. 
FiG.  47. — Lateral  view  of  embryo  with  5  protozonites,  60  hours.     X   30. 

Fio.  48. — Oblique  longitudinal  section  of  embryo  with  5  protozonites,  60 
hours.     X  142. 

FiGs.  49  A,  B. — Portions  of  cross  sections  of  an  embryo  of  60%  hours; 
A.  through  extraembryonic  area;  B,  through  half  of  the  germ  disc  in  the 
piane  of  a  protozonite.     X  360. 

FiGS.  50  A-C. — Portions  of  median  sections  of  germ  disc  of  60%  hours. 
A,  cephalic  lobe  region;  B,  caudal  lobe  region;  C,  through  two  of  the  an- 
terlor protozonites.     X   360. 

Fio.  51. — Oblique  latero-ventral  surface  view,  60%  hours,  first  appearance 
of  appendages.     X  60. 

Fio.  52. — Oblique  latero-ventral  surface  view,  ca.  62  hours.     X  ^• 

Fio.  53. — Lateral  surface  view,  ca.  62  hours.     x  ^• 
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PLATE  V. 

FiQ.  54. — Cross  section  of  caudal  lobe  in  ìVs  posterior  half,  ca.  62  hours. 
X   3G0. 

Fio.  55. — Portion  of  cross  section  througli  third  or  fourth  pair  of  thoracal 
limbs,  ca.  62  hours.     X  360. 

Fios.  56  A,  B. — Median  section  of  posterior  region  of  embryo  of  ca.  62 
liours,  the  posterior  end  of  the  caudal  lobe  represented  in  B  continuous  with 
the  right  end  of  the  portion  of  the  section  of  A.     x  360. 

Fio.  56  C. — Median  section  of  cephalic  region  of  the  embryo  shown  in  Figs. 
50  A,   B.      X    360. 

Fio.  56  D. — Longitudinal  section  of  pedipalp  of  the  sa  me  embryo.   X  360. 

Fio.  57. — Lateral  surface  vlew,  73  hours.     X   60. 

Fio.  58. — Oblique  dorso-lateral  view,  ca.  75  hours.     X  ^• 

Fio.  59.-^OblIque  antero-lateral  surface  view,  ca.  75  hours.     x  ^• 

FiG.  60  A. — Longitudinal  section  of  the  region  where  cephalic  and  caudal 
lobes  meet,  73  hours.     X  360. 

Fio.  60  B.— ^Longitudinal  section  of  portion  of  head  lobe,  cheliceron  and 
pedipalp,  of  the  same  embryo.     X  360. 

Fio.  61. — Cross  section  of  a  little  more  than  one-half  of  an  abdominal  seg- 
ment,  ca.  75  hours.     x  360. 

Fio.  62. — Portion  of  cross  section  of  thorax,  showing  one  limb  and  Its 
ganglion,  ca.  75  hours.  X  360. 

Fra.  63. — Lateral  surface  view,  ca.  86%  hours,     X  GO. 

Fio.  64. — Oblique  dorso-anterior  surface  view,  ca.  86%  hours.  X  ^• 

Fio.  65. — Oblique  ventral  surface  view  of  cephalo thorax,  ca.  86%  hours. 
X   60. 

Fio.  66.— ^ Ventral  view  of  abdomen,  ca.  86%  hours.     X  ^• 
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PLATB  VI. 
Fio.  67  A. — Somewbat  oblique  long! tildi nal  section  of  cephalic  region,  ca. 
86%  hours.  X  360. 

FiG.  67  B. — ^Longltudlnal  section  of  the  same  embryo  through  the  lateral 
edge  of  the  stomodaeum.     X  360. 

Fio.  67  C. — ^Lpngitudinal  section  through  extraembryonic  blood-formlng 
area  of  the  same  stage.     X  720. 

FiGS.  68  A-C. — Transverse  sectlons  of  cephalic  lobe  of  embryo  of  86%  hours  ; 
A,  through  rostral  extremities;  B,  through  stomodaeum;  G,  through  antero- 
lateral  veslcle  in  the  same  piane  as  Flg.  A.     X  360. 

Fio.  68  D. — Transverse  section  of  the  same  embryo,  the  rostral  appendages 
above,  a  palr  of  thoracal  legs  below.     x  142. 

Fio.  68  E. — Portion  of  left  half  of  precedlng  drawlng,  on  hlgher  scale. 
X   360. 

Fio.  68.  F. — Cross  section  of  same  embryo,  cephalic  lobe  anterior  to  the 
rostrum.    X  142. 

Fio.  68  G. — Gross  section  of  the  same  embryo,  lateral  margln  of  head 
lobe  and  blood-forming  reglon  of  extraembryonic  area.     X    720. 

Fio.  69. — ^Longltudinal  section  through  abdomen,  86%  hours.     X  360. 

Fio.  70. — ^Longitudlnal  section  of  the  fourth  leg  and  first  abdominal  seg- 
ment,  86%  hours.     X  .360. 

Fio.  71. — Oblique  antero-lateral  sur  face  view,  ca.  97  hours.     x  W* 

Fio.  72. — Anterior  surface  view,  ca.  97  hours.     x  ^• 

Fio.  73. — Latero-posterior  surface  view,  ca.  97  hours.  x  W« 

Fio.  74. — Ventro-poeterlor  surface  view,  ca.  97  hours.    X  ^• 
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PLATE  VII. 
Fio.  75  A. — Somewhat  oblique  longitudinal  section  of  posterior  portion  of 
abdouien,  ca.  97  hours.     x  3G0. 

Fio.  75  B. — Sliullar  section  of  head  reglon  aud  caudal  lobe  of  the  sanie 
embryo.     X  142. 

Fios.  76  A-C. — Cross  sections  of  embryo  of  ca.  97  hours;  A,  through  head 
lobe  anterlor  to  rostrum;  B,  through  stomodaeum  ;  C,  through  chellcera. 
X  142. 

Fio.  77. — Cross  secctlon  of  abdonien  in  piane  of  the  flfth  segment,  ca.  97 
hours.     X  360. 

Fio.  78. — Postero-ventral  surfaoe  view,  ca.  108  honrs.  X  60. 

Fio.  79. — Antero-ventral  surface  view,  ca.  108  hours.     x  6^* 

Fios.  80  A-E. — Oblique  longitudinal  sections  of  an  embryo  of  ca.  108 
hours;  A,  through  cheliceron  and  postero-lateral  veside.  X  360.  B,  throufi^ 
stomodaeum.  X  142.  C,  through  antero-lateral  vesicle.  X  142.  D,  throag^ 
fovea  and  lateral  wall  of  stomodaeum.  X  142.  E,  through  posterior  end 
of  abdomen.    X  360. 
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PLATB  Vili. 

Fra.  81. — Oblique  ventro-posterlor  surface  vlew,  ca.  98  hours.    x  ^• 

Fio.  82. — Ventral  surface  view,  ca.  98  hours.     x  60. 

FiG.  83. — Cephallc  surface  vlew,  120  hours.     X  60. 

Fio.  84. — Oblique  lateral  surface  vlew,  ca.  98  hours.     x  60. 

Fio.  85. — Dorsal  surface  vlew,  ca.  98  hours.     X  60. 

Fio.  86. — Oblique  dorso-posterior  vlew,  ca.  127  hours.  X  60. 

Fio.  87  A. — Oblique  cross  sectlon  of  cephallc  reglou,  ca.  98  hours.     X  142. 

Fio.  87  B. — Oblique  cross  sectlon  of  the  same  embryo,  ou  the  rlght  in  the 
piane  of  a  cheliceron,  on  the  left  anterlor  to  the  chellceron.     x  142. 

Fio.  87  C. — Oblique  cross  sectlon  of  the  caudal  lobe  of  the  same  embryo. 
X  360. 

Fio.  87  D. — Oblique  cross-section  of  the  heart  (dorsal)  reglon  of  the 
same  embryo  ;  the  left-hand  edge  of  the  iìgure  is  near  the  base  of  a  thoracal 
Umb.  X  360. 

Fio.  88. — Cross  sectlon  of  heart  reglon,  ca.,  98  hours.     X  360. 

Fio.  89. — Longltudlnal  sectlon  of  an  embryo  of  ca.  127  hours.    x  1^2. 

Fio.  90. — Oblique  longltudlnal  sectlon  through  cephallc  reglon,  ca.  98  hours. 
X  142. 
Fio.  91  A Longltudlnal  sectlon,  ca,  98  hours.     X  142. 

Fio.  91  B. — ^Longltudlnal  sectlon  of  caudal  lobe  of  the  same  embryo. 
X  360. 

Fio.  91  G. — ^Longltudlnal  sectlon  of  lung  hook  reglon  of  the  same  embryo. 
X  360. 

Fio.  92. — Longltudlnal  sectlon  of  lung  hook  cut  to  one  side  of  its  meso- 
blast  sac,  ca.  127  hours.     x  360. 

Fio.  93. — Sectlon  through  the  posterior  thoracal  and  the  first  four  abdomlual 
segments,  120  hours.     X  142. 
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OH  THE  SPIinfSBRS,  GEIBELLUM,  C0LULU8,  TBACHSX  AVB  LUKO  B00K8 

OF  ABANEAD8. 

BY  THOMAS   H.    MONTGOMERY,   JR. 

This  paper  presents  observations  on  the  ontogeny  of  the  organs  men- 
tioned  in  the  title,  together  with  notes  on  the  anatomy  of  the  cribellum 
and  colulus  and  with  certain  considerations  on  the  broader  mor- 
phological  relations  of  these  various  organs. 

The  embryos  of  the  spiders  examined  were  killed  in  Camoy's  fluid 
(absolute  alcohol,  chloroform  and  glacial  acetie  acid  in  equal  parts, 
with  corrosive  sublimate  to  saturation),  an  excellent  fixative  that 
makes  it  possible  to  cut  with  ease  good  series  of  paraffine  sections; 
it  has  the  disadvantage  of  frequently  producing  an  extra  ovat  of  yolk 
in  the  earlier  stages.  Aft^r  fixation  and  hardening  the  egg  membranes 
are  readily  removed  with  needles.  In  order  to  secure  good  surface 
views  of  the  abdomen  after  the  stage  of  reversion  it  is  best  to  cut  off 
the  cephalothorax,  and  with  a  knife  to  remove  a  considerable  portion 
of  the  abdomen  itself  so  as  to  allow  the  stain  (preferably  Delafield's 
haematoxyUne)  to  penetrate  evenly.  The  adult  spinning  organs 
with  the  cribellum  or  colulus  are  best  examined  in  balsam  after 
dehydration  and  clearing,  and  after  the  dorsal  half  of  the  abdomen 
has  been  cut  away.  Of  Theridium  tepidariorum  and  Loxosceles 
rufescens  I  secured  accurately  timed  stages  by  breeding  females  in 
captivity.  The  material  of  Theridium  was  collected  by  me  at  Woods 
Hole,  Massachusetts,  and  that  of  Loxosceles,  Evagrus  and  Filistata 
hibemaiis  at  Austin,  Texas.  I  am  obliged  to  Mr.  Nathan  Banks  for  the 
determination  of  these  species. 

1.  Colulus,  Cribellum  and  Spinnerets. 

The  first  question  to  be  taken  up  is  the  matter  of  the  morphological 
relations  of  the  colulus  and  cribellum  to  the  spinnerets. 

According  to  the  classification  of  Simon  (1892)  two  main  groups  of 
the  Arane»  are  dLstinguished  :  the  Araneae  theraphosae  and  the  Ara- 
neae  verse.  The  former  include  the  families  Liphistiidae,  Aviculariidse 
and  Atypidae;  of  these  the  first  are  unique  among  ali  spiders  in  the 
possession  of  four  pairs  of  true  spinnerets  (mammillae),  while  most 


Digitized  by 


Google 


'iOO  PROCEEDINGS   OF  THE   ACADEMY   OP  [MaV, 

Aviculariidac  possess  only  two  pairs/  and  the  Atypidae  (the  genus 
Brachybothrium  excepted)  possess  three  pairs.  Almost  ali  the  Arane» 
verse  have  three  pairs  of  spinnerets.'  These  discrepancies  in  number 
make  it  somewhat  difRciilt  to  homologize  the  pairs  of  different  groups, 
a  difficulty  briefly  mentioned  by  Stevenson  (1908). 

The  three  pairs  of  spinnerets  foimd  in  most  of  the  Araneae  verse 
are  named  in  antero-posterior  order:  the  anterior  (inferior),  the 
median,  and  the  posterior  (superior).  Between  the  spinnerets  of  the 
anterior  pair  may  be  placed  either  a  cribellum  or  a  coliiliis,  both  of 
which  are  absent  in  the  Theraphosse.  The  cribellum  was  discovered 
by  Blackwall  (1839),  and  has  been  most  thoroughly  described  by 
Bertkau  (1882)  as  a  small  trans  verse  piate,  sometimes  halved  by  a 
median  carina,  this  piate  provided  with  the  very  numerous  minute 
pores  which  are  the  openings  of  multicellular  spinning  glands,  and  the 
spinning  piate  enclosed  in  a  chitinous  frame:  In  species  possessing 
it  the  fourth  pair  of  metatarsi  are  each  provided  with  a  row  of  recurved 
hairs,  caUed  the  calamistrum  and  also  dicovered  by  Blackwall;  the 
latter  is  used  as  a  comb  to  draw  out  the  silk  issuing  f  rom  the  cribellum — 
an  operation  that  can  be  clearly  seen  in  the  larger  species  of  FUistata, 
though  it  is  performed  with  great  rapidity.  In  mature  males  the 
cribellum  is  more  or  less  rudimentary,  for  which  Bertkau  offers  the 
valid  explanation  that  adult  males  do  not  spin  snares.  Blackwall 
and  Bertkau  correctly  interpreted  the  cribellum  as  a  modified  and 
fused  pair  of  spinnerets,  while  Thorell  (1870),  who  called  it  the  "infra- 
mamillary  organ,"  argued  against  such  a  comparison,  though  without 
cogent  reasons. 

The  colulus  or  h}T)opygium  (Menge,  1843)  is  a  conical  projection  or 
smaU  tubercle  occupying  approximately  the  place  of  the  cribellum 
in  some  of  the  families  of  the  Aranese  verse  which  do  not  possess  the 
cribellum.  It  has  no  spinning  glands  and  there  is  no  calamistrum 
associated  with  it.  Menge  compared  it  with  a  rudimentary  cribellum, 
but  Bertkau  argued  that  the  colulus  is  a  simple  integumentary  fold 
representing  the  region  between  tracheal  stigma  and  cribellum. 

To  decide  with  which  of  the  three  pairs  of  spinnerets  of  most  Aranese 
the  two  pairs  of  most  Aviculariidse  correspond,  I  have  examined  some 


'  The  exceptions  are  the  genera  Hexathele  and  Scotinacua  with  a  third  (most 
anterior)  pair  of  very  email  spinnerets;  and  Anisapla  and  Diplothele  with  only 
one  pair. 

'  According  to  Simon,  l.c,  less  than  three  pairs  are  exhibited  by  the  following: 
the  Hadrotarsidae,  Palpimanidee  (except  HuUonia),  the  Zodariid  genera  Lotica, 
HermipiLS,  Mallinus,  and  the  Archaeid  Mecysmauchenius — ^these  named  genera 
having  only  one  pair. 
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early  stages  of  the  Avicidariid  Evagrus — this  beiiig  to  my  knowledge 
the  first  account  of  the  embryology  of  any  Theraphosid.  The  earliest 
stage  possessing  extremities  found  is  shown  in  fig.  28,  Piate  XIV,  a 
lateral  view.  Next  to  the  head  lobe  is  found  the  cheliceron  {Chel.), 
then  the  pedipalp  {Ped.)^  then  the  four  pairs  of  thoracal  legs  (L.  1- 
L.  4).  The  abdomen  is  remarkable  in  possessing  only  two  segments 
(1,  2),  whereas  in  other  spidei-s  at  a  corresponding  stage  the  abdomen 
would  be  richly  segmented,  and  in  having  a  huge  caudal  lobe  (C.  L.) 
projecting  forward.  The  next  stage  available  is  that  of  fig.  29,  a 
ventral  view  of  the  abdomen:  the  two  pairs  of  lung  books  {Pul.)  bave 
formed,  the  nerve  ganglia  {N.  C.)  are  clearly  marked,  and  there  are 
indications  of  three  pairs  of  spinnerete.  Of  the  latter  the  anterior 
{A,  Sp,)  are  only  faintly  marked  thickenings,  and  evidently  belong 
to  the  fourth  abdominal  segment;  the  median  spinnerets  (M.  Sp.) 
are  rounded  projections  just  median  to  and  in  the  same  piane  with 
the  largest  posterior  spinnerets  (P.  Sp,),  therefore  out^owths  of  the 
fifth  segment.  Three  successive  later  stages,  shown  in  figs.  30-32 
respectively,  show  that  the  anterior  spinnerets  bave  disappeai*ed  and 
that  it  is  those  of  the  fifth  segment,  the  median  and  the  posterior, 
that  persist  into  the  adult.  Thus  the  fourth  segment,  as  shown  clearly 
in  figs.  30  and  31,  produces  no  respiratory  organs,  but  originates  a 
pair  of  rudimentary  spinnerets  that  subsequently  disappear. 

The  two  pairs  of  spinnerets  of  Evagrus,  and  of  probably  also  other 
Aviculariids  with  that  number,  correspond  to  the  median  and  posterior 
spinnerets  of  those  araneads  with  three  pairs;  but  the  development 
shows  that  Evdgrns  retains  in  the  embryo  a  slight  trace  of  the  anterior 
pair.  This  homology  has  been  already  suggested  by  Simon,  on  the 
basis  of  the  relative  position  of  the  parts  in  the  adult. 

In  the  next  place  we  may  consider  the  colulus,  an  organ  that  has 
received  only  the  scantiest  attention.  It  may  be  best  studied  in 
Sicariids  where  it  attains  its  greatest  size,  and  the  following  account 
applies  to  the  genus  Loxosceles. 

In  an  adult  individuai  the  form  and  position  of  the  colulus  is  shown 
on  ventral  view  in  fig.  26,  PI.  XIII.  It  is  an  unpaired  conical  projec- 
tion  (Col.)  between  the  anterior  spinnerets  (A.  Sp.),  its  base  conflu- 
ent  with  their  bases  and  at  some  distance  behind  the  tracheal  stigma 
(r.  SL).  The  trans  verse  line  in  the  figure  which  crosses  it  from  left 
to  right  represents  the  border  of  askin-fold  just  dorsal  to  it  and  to  the 
spinnerets,  and  this  fold  is  deeply  indented  in  the  median  line.  Its 
free  apex  is  directed  ventro-caudad;  its  surface  bears  simple  hairs 
like  those  on  the  ventral  surface  of  the  abdomen,  and  the  small  circles 
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indicate  the  insertion  points  of  these  hairs.  A  median  section  of  it  is 
represented  in  fig.  25,  where  the  apex  is  at  the  left  and  the  dorsal 
border  uppermost.  It  is  covered  by  a  cuticula  {Cut,)y  which  is  less 
thick  than  that  of  the  adjacent  body  surface,  beneath  which  is  a 
hypodermis  (Hyp.)  considerably  thicker  than  that  of  the  rest  of  the 
abdomen.  The  interior  of  the  organ  is  a  blood-space  {BL  Cav.), 
shown  by  stippling,  containing  neither  glands  nor  muscles,  though 
muscles  insert  near  its  base.  The  cohihis  is  equally  developed  in  both 
sexes.  Thiis  it  is  a  simple  integumentary  extension  with  a  large 
axial  blood  cavity.  An  organ  of  its  volume  must  surely  fulfill  some 
important  function.  Its  thickened  hypodermis  might  suggest  sensory 
nature.  But  I  think  it  may  be  more  likely  a  supplementary  respira- 
tory  organ,  for  which  the  combination  of  relatively  thin  cuticula  and 
vascular  space  would  speak,  and  furthermore  the  trachesB  are  relatively 
poorly  developed  in  this  species. 

In  Peucelia  (Oxyopid)  and  Lathrodectus  (Theridiid)  it  is  about  twice 
as  long  as  broad,  shorter  and!  relatively  broader  in  Dysderids  and 
Argiopids.  But  in  the  Agalenids  I  bave  found  the  most  interesting 
relations:  in  Tegenaria  derhamii  it  is  a  piate  about  twice  as  broad  as 
long,  in  Hahnia  bimaculata  a  transverse  piate  eight  times  as  broad  as 
its  antero-posterior  length,  while  in  Agelena  ncevia  there  are  a  pair  of 
small  plates  completely  separated  in  the  mid-line  by  a  little  more  than 
their  diameter  and  inserted  well  anterior  to  the  roots  of  the  anterior 
spinnerets.  The  last  case  is  interesting,  for  it  exhibits  the  colulus  in 
a  distinctly  paired  condition,  the  first  case  of  such  a  relation  yet  known. 

We  have  next  to  consider  the  ontogeny  of  colulus  and  spinnerets. 
Salensky  (1871)  first  proved  that  the  appendages  of  the  fourth  and 
fifth  abdominal  appendages  become  the  spinnerets.  He  found  the 
fourth  appendages  originate  the  anterior  spinnerets,  the  fifth  the 
posterior,  and  that  the  median  spinnerets  "do  not  develop  from 
the  abdominal  feet,  but  appear  between  them''  (I  cite  from  Jaworow- 
ski,  for  I  cannot  read  the  originai  Russian).  This  origin  of  the  anterior 
and  posterior  spinnerets  has  been  confirmed  by  Locy  (1886),  Morin 
(1887),  Kishinouye  (1890)  and  Korschelt  (1892),  while  Barrois  (1878), 
Balfour  (1880)  and  Schimkewitsch  (1887)  erroneously  held  that  the 
embryonic  appendages  disappear  and  that  spinnerets  are  new  for- 
mations.  The  most  detailed  and  satisfactory  account  is  t^iat  of 
Jaworowski  (1895)  of  Trochosa,  He  found  that  after  reversion  each 
appendage  of  the  fourth  and  fifth  abdominal  segments  is  bilobed, 
consisting  of  an  outer  sacculus  (exopodit^)  and  inner  sacculus  (end- 
opodite);  on  the  fourth  segment  the  exopodites  become  the  anterior 
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spinnerets  and  the  endopodites  form  a  "rudimentary  cribellum" 
(more  strictly,  colulus)  that  later  disappears;  on  the  fifth  segment 
the  exopodites  become  the  posterior  spinnerets,  and  the  endopodites 
the  median  spinnerets.  Wallstabe  (1908)  also  found,  in  Agelena,  that 
the  median  spinnerets  aiìse  by  splittìng  oflF  from  the  posterior  pair. 

I  am  able  on  embryos  of  Loxosceles  to  essentially  confirm  the  account 
of  Jaworowski  and  to  trace  the  colulus  to  its  adult  condition.  Kg.  17, 
PI.  XIII,  represents  that  stage  before  reversion,  when  the  maximum 
number  of  abdominal  appendages  is  present,  and  there  are  seen  to  be 
six  pairs  of  them,  on  segments  2  to  7  inclusive.  The  two  most  posterior 
pairs  are  the  smallest  and  are  t^mporary,  for  in  the  next  stage,  figs. 
18,  19,  of  the  begiiming  reversion  they  have  disappeared  and  only  the 
four  anterior  pairs  persist.'  Later,  fig.  20,  the  third  and  fourth  pairs 
of  these  appendages  become  the  largest.  The  process  of  reversion 
brings  them  dose  together  in  the  mid-line,  and  an  interesting  and 
decisive  condition  is  exhibited  in  the  stage  of  fig.  21.  The  fourth  pair 
of  appendages  (P.  Sp.)  are  approximated,  and  on  the  median  side  of 
each  is  an  elongated  thickening  of  the  hypodermis,  the  first  indication 
of  the  median  spinnerets  (M.  Sp,).  Between  the  third  pair  of  append- 
ages (A.  Sp,)  there  is  an  undivided,  so  unpaired,  thickening,  the  pri- 
mordi um  of  the  colulus  {Col,),  My  observations  differ  mainly  from 
those  of  Jaworowski  in  finding  the  colulus  to  be  unpaired  at  the  start, 
and  in  finding  that  the  colulus  and  the  median  spinnerets  behind  it 
do  not  arise  as  saccular  endopodites  of  the  embryonic  appendages, 
but  as  thickenings  immediately  mesial  to  the  appendages.  This  is 
a  rather  important  difference,  for  Jaworowski's  description  would 
indicate  a  cleft  condition  of  these  appendages,  such  as  is  found  in 
Crustacea,  while  I  do  not  find  such  a  condition.  In  Loxosceles  the 
colulus  and  the  median  spinnerets  would  seem  not  to  be  parts  of  the 
appendages,  but  immediately  contiguous  to  them.  Figs.  22-24  show 
successive  later  stages,  with  lengthening  of  the  three  pairs  of  spin- 
nerets and  of  the  unpaired  colulus,  as  well  as  the  graduai  extension 
forward  of  the  largest  pair  of  spinning  glands. 

The  colulus,  accordingly,  arises  as  a  hypodermal  thickening  between 
the  anterior  spinnerets,  and  the  median  spinnerets  from  a  pair  of  thick- 


'  In  the  stage  of  figs.  18  and  19  there  are  eleven  well-marked  abdominal  seg- 
ments exclusive  of  the  caudal  lobe.  The  largest  number  yet  described  for 
araneads  is  twelve,  which  with  the  seven  of  the  cephalothorax  makes  a  total 
of  nineteen.  The  three  most  posterior  of  them  together  with  the  caudal  lobe 
constitute  a  projecting  postabdomen,  such  as  has  oeen  described  for  Pholcus 
bv  Òaparéde  (1862)  and  Schimkewitsch  (1887);  this  mav  be  comparcd  >rith 
that  of  Evagrìis,  fig.  28,  PI.  IV. 
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enings  between  the  posterior  spinnerets.  The  only  difference  in 
Loxoacdes  is  that  the  coluhis  has  an  unpaired  origin;  but  this  diflfer- 
ence  does  not  hold  in  ali  cases,  for  in  Trochosa  ( Jaworowski)  the  colulns 
has  a  paired  origin,  and  we  have  seen  that  in  Agdena  the  colulus  is  a 
paired  structure  in  the  adiilt.  Evidently  cohihis  and  median  spinnerets 
are  homodynamoiis. 

I  have  examined  the  cribelluin  in  FUistala,  Hypiiotes,  Ulohonis  and 
Dictyna,  In  the  adult  female  of  Filistata  there  is  found  a  transversely 
ovai  piate  between  the  anterior  spinnerets  and  somewhat  anterior  to 
them.  This  piate  (fig.  34,  Piate  XIV)  shows  a  pair  of  spinning  plates 
(Cr,  PI.),  provided  with  numerous  fine  pores,  and  these  spinning  plates 
•  are  set  in  the  much  larger  chitinous  f  rame  ;  on  the  anterior  portion  of 
this  frame  are  inserted  hairs  (their  insertion  points  indicated  by  the 
small  circles),  which  hairs  are  piumose  like  these  of  the  venter  and 
differ^from  them  only  in  their  much  smaller  size.  These  relations  are 
essentially  such  as  Bertkau  and  others  have  described.  But  an  im- 
portant  relation  seems  to  have  been  heretofore  entirely  overlooked. 
The  paired  spinning  plates,  the  cribeUum  proper,  are  only  the  un- 
covered  free  surfaces  of  a  pair  of  appendages,  the  remaining  portion 
of  which  is  sunk  bdow  the  chitinous  frame.  Thus  when  one  examines 
on  a  cleared  balsam  mount  the  cribeUum  from  the  ventral  surface, 
one  sees  at  a  higher  focus  of  the  microscope  only  the  frame  and  the 
spinning  plates;  but  on  deeper  focus  one  fìnds  a  column  of  delicate 
parallel  spinning  tubules,  too  fine  to  be  represented  on  the  scale  of 
our  drawing,  extending  from  each  spinning  piate  to  the  anterior  edge 
of  the  frame.  The  lateral  boundaries  of  these  columns  or  append- 
ages are  shown  in  fig.  34  by  the  lines  extending  forward  (upward)  from 
the  spinning  plates  (Cr.  PI.)  to  the  upper  border  of  the  frame. 

Further,  each  spinning  piate  shows  a  slight  Une  of  division  at  its 
middle,  from  which  point  of  indentation  a  Une  extends  some  distance 
forward;  this  subdi vision  is  probably  due  to  the  presence  of  a  muscle 
(as  it  is  certainly  in  some  other  species),  though  I  could  not  clearly 
recognize  a  muscle.  In  other  words,  the  spinning  plates  are  merely 
the  free,  uncovered  apices  of  a  pair  of  spinnerets,  the  greater  region  of 
which  Uè  covered  by  the  cuticular  frame.  Or  the  relation  might  be 
represented  in  another  way:  the  cribeUum  of  Filistata  is  a  pair  of 
spinnerets  mesiaUy  approximated,  their  glands  opening  distally  (on 
the  spinning  plates),  and  across  and  around  these  spinnerets  has 
developed  a  cuticular  frame. 

This  interesting  relation  in  Filistata  is  further  explained  by  a  study 
of  tlic  embryo  shown  in  fig.  33,  PI.  XIV;  no  one  has  prcviously  de- 
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scribed  any  developmental  stage  of  the  cribellum,  f or  what  Jaworowski 
described  as  a  "rudimentary  cribellum"  in  Trochosa  was  really  a 
colulus.  Fig.  33  represents  a  ventral  view  of  the  abdomen  shortly 
after  reversion,  and  the  abdominal  segments  are  well  pronounced. 
The  trachea!  stigma  {T.  St.)  is  at  the  boundary  of  the  third  and  fourth 
segments.  On  the  fourth  segment  are  found  the  anterior  spinnerets 
(A,  Sp.),  and  between  them  a  pair  of  large  thickenings  (Cr.),  the  paired 
primordium  of  the  cribellum.  On  the  fifth  segment  are  seen  the 
posterior  spinnerets  (P.  Sp,),  and  between  them  the  median  spinnerets 
as  a  pair  of  thickenings  (M.  Sp,).  The  resemblance  of  the  cribellum 
to  the  median  spinnerets  at  this  stage  is  very  close^  each  consisting  of 
a  pair  of  elongate  ectoblastic  thickenings  near  the  mid-line;  and  the 
cribellum  is  even  larger  than  the  median  spinnerets.  There  can  be 
no  doubt  in  this  case  of  the  homodynamy  of  cribellum  and  median 
spinnerets. 

Fig.  36  shows  a  ventral  view  of  the  cribellum  of  a  mature  female  of 
Hyptiotes  cavatus,  and  fig.  35  a  similar  view  of  that  of  Diciyna  vólupia. 
In  both  of  these  there  is  a  distinct  pair  of  muscles  (M.)  passing  from 
the  spinning  piate  {Cr,  PI.)  to  the  anterior  edge  of  the  cuticular  frame. 
In  these  species  the  spinning  piate  is  not  paired,  nor  yet  is  the  deeper 
portion  composed  of  the  ductules  paired,  in  which  points  these  species 
appear  much  less  primitive  than  FUistata.  I  find  the  cribellum  of 
Uloboncs  plumipes  to  be  very  similar  to  that  of  Hyptiotes.  In  Hypti- 
otes  the  tracheal  stigma  (T.  St.)  is  inunediately  contiguous  to  the  frame 
of  the  cribellum,  while  in  Dictyna  (fig.  35)  they  are  separated. 

Thus  we  come  to  the  conclusion  that  the  spinnerets,  colulus  and 
cribellum  ali  develop  from  the  fourth  and  fifth  abdominal  segments; 
the  anterior  spinnerets  and  colulus  or  cribellum  from  the  fourth,  the 
median  and  posterior  spinnerets  from  the  fifth,  as  concluded  by  Jawor- 
owski. The  colulus  and  cribellum  arise  as  elongate  thickenings  mesial 
from  the  appendages  of  these  segments,  the  appendages  becoming  the 
anterior  and  posterior  spinnerets.  Colulus  and  cribellum,  as  we  have 
seen,  are  in  their  development  homodynamous  with  the  median  spin- 
nerets of  the  segment  behind  them.  Accordingly,  colulus  and  cribel- 
lum arising  in  a  similar  position  in  corresponding  segments  must  be 
considered  essentially  homologous  organs,  conformably  with  the  view 
of  Blackwall,  whom  Dahl  (1901,  1904)  has  foUowed.  The  case  of 
FUistata  renders  it  a  strong  probability  that  the  colulus  and  cribeUum 
correspond  with  the  antero-median  spinnerets  of  Liphistius,  The 
cribellum  is  a  less  degenerate  structure  than  the  colulus,  because  it 
stili  possesses  spinning  glands,  is  larger,  and  is  more  frequently  paired. 
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These  homologies  might  be  shown  tabularly  as  follows  : 


[May, 


Spinnerets. 


Lìphistiidse. 

Avìculariidffi. 

Aranese 
verte. 


Antero-lateral. 


Anterior. 


Antero-median. 


Colulus  or 
cribellum. 


Postero-lateral. 
Posterior. 
Posterior. 


Postero- 
median. 

Median. 
Median. 


2.  Development  OP  the  TrACHEìE. 

Locy  (1886),  the  first  to  mention  the  development  of  these  struc- 
tures,  simply  states  that  "upon  the  ventral  surface  appear  the  infold- 
ings,  from  which  are  formed  the  trachese."  Schimkewitsch  (1887) 
is  mistaken  in  saying  that  Balfour  (1880)  demonstrated  the  origin  of 
trachese  and  lungs,  for  Balfour  did  not  mention  these  organs.  Schim- 
kewitsch briefly  mentions  a  stage  in  Lycosa  before  hatching  where  the 
trachese  are  already  branched.  Kishinouye  (1890)  writes:  "In  the 
basai  part  of  the  second  abdominal  appendage,  on  the  interior  side, 
another  ectodermic  invagination  is  produced.  It  assumes  the  shape 
of  a  deeply  invaginated  tube  and  remains  in  this  condition  till  after 
the  time  of  hatching.  The  appendage  itself  is  not  invaginated  and 
becomes  from  this  time  graduaUy  shorter."  Purcell  (1895)  states 
that  the  *'entapophyses  connected  with  the  second  (tracheal)  pair 
of  appendages  become  each  drawn  out  into  a  long  tube,  to  or  near  the 
blind,  inner  end  of  which  the  middle  pair  of  endosternites  is  attached 
in  the  adult.  These  long  tubes  are  represented  by  the  two  large 
trunks  which  form  the  trachese  in  the  Attidse,  and  by  the  mediai  pair 
of  the  four  trunks  which  compose  the  trachese  in  most  other  Spiders 
(Agelenidse,  Drassidse,  Epeiridse,  Lycosidae,  etc.)."* 

The  preceding  references  to  the  trachese  are  ali  brief  and  not  iUus- 
trated  by  figures.  Simmons  (1894)  goes  into  the  subject  somewhat 
more  fully;  he  finds  the  trachese  arising  before  reversi  on  beliind  the 
appendage  of  the  third  abdominal  segment  as  a  tubular,  ectoblastic 
ingrowth,  and  the  tube  so  produced  to  ha  ve  an  irregular  folding  of  ite 


*  My  friend  Dr.  Purcell's  brief  biit  important  preliminar>'  paper  deals  mostly 
with  the  homologies  of  the  trachea?  and  entopoyhyses.  on  whicn  subject  he  has 
now  an  extensi ve  paper  in  press.  I  have  not  consiaered  these  relations  In 
Loxoaceles  I  find  just  latero-posterior  to  each  appendage  of  tlie  four  anterior 
abdominal  pairs  a  thickening  which  appears  darker  than  the  surroundings  on 
stained  surface  views,  these  being  marked  x  in  figs.  20-24  of  PI.  XIII.  I  have 
not  determined  whether  these  are  apophyses  or  simple  muscle  insertions. 
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Wall,  resembling  to  some  extent  the  primary  folds  of  the  pulmonary 
invagination.  After  the  stage  of  reversion  he  figures  it  as  a  simple 
tube  without  branehing.  The  most  recent  paper  is  that  of  Janeck 
(1909);  he  did  not  sée  the  earliest  stages,  but  describes  and  figures  a 
stage  shortly  after  hatching  with  the  beginning  of  the  branehing,  and 
an  advanced  stage  after  reversion. 

Aceordingly,  no  one  has  figured  the  earliest  stages  of  the  trachese, 
and  our  knowledge  of  their  development  is  very  fragmentary. 

In  Loxosceles  the  conditions  are  as  foUows,  a^  observed  in  surface 
views  only.  In  the  stages  of  figs.  17-19,  Piate  XIII,  the  appendages 
of  the  third  abdominal  segment  (3)  are  simple  rounded  protuberances 
like  those  of  the  adjacent  segments.  Later,  fig.  20,  the  appendage  of 
the  third  segment  becomes  flatter  and  less  distinct,  and  its  elevated  por- 
tion  has  taken  on  somewhat  the  shape  of  a  quarter  moon.  At  the 
stage  of  fig.  21,  eompleted  reversion,  no  elevated  appendages  are  found 
in  that  segment,  but  at  its  posterior  edge  a  transverse  groove  circularly 
enlarged  at  each  lateral  corner  {T,  St.),  This  condition  persists 
through  the  stages  of  figs.  22  and  23,  but  at  that  of  fig.  24  a  pair  of 
lateral  trachea!  branches,  recognizable  by  being  filled  with  air,  and 
marked  Tr.,  are  growing  fon\'ard  from  the  groove.  The  trans  verse 
groove  is  evidently  the  stigma  leading  into  the  vestibulum;  and  this 
stigma,  developing  at  the  posterior  edge  of  the  third  segment,  evi- 
dently arises  behind  the  appendages  of  the  segment.  In  the  adult 
a  larger  median  and  four  pairs  of  smaller  lateral  trachesB  extend  for- 
ward  from  the  vestibulum  (fig.  27). 

A  better  knowledge  can  be  obtained  from  the  study  of  sections 
which  I  ha  ve  made  of  Theridium.  At  the  time  of  reversion  (fig.  16, 
PI.  XII)  the  abdominal  appendages  show  much  the  same  relation  as  in 
Loxosceles f  though  a  narrow  elevated  ectoblastic  ridge  joins  the  second 
and  third  abdominal  appendages  (j^.  Ap.^  3.  Ajp.).  Sections  of  this 
stage  (figs.  1,  2,  PI.  XI)  show  the  stili  heightened  appendage  {3.  A'p.) 
of  the  third  segment  behind  the  pulmonary  invagination  and  a  distinct 
coelomic  sac  {CcbI.)  appertaining  to  it.  But  in  subsequent  stages 
(figs.  5,  7;  9)  the  appendage  of  the  third  segment  disappears,  the 
whole  becoming  flush  with  the  remainder  of  the  surface  of  that  seg- 
ment and  without  any  process  of  invagination.  It  is  not  until  after 
this  appendage  has  disappeared  entirely  that  the  trachea!  invagination 
takes  place,  and  evidently  as  in  Loxosceles  behind  the  region  whero 
that  appendage  was.  The  first  appearance  of  the  trachea  is  seen  in  fig. 
12,  PI.  XII  ;  the  pulmonary  stigma  (P.  St.)  is  at  the  posterior  edge  of  the 
second  segment,  the  tracheal  (T.  St.)  not  near  this,  as  was  the  append- 
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age  of  its  segment,  but  dose  to  the  spinnerets  (Sp,)  at  the  posterior 
edge  of  the  third  segment.  The  stigma  {T,  St.)  is  a  slight  transverse 
groove,  the  trachea  (Tr,)  itself  is  a  conical  phig  of  ectoblast  cells  push- 
ing  into  the  archicoelic  space  between  hypodermis  and  mesoblast 
(Mes.).  Successive  later  stages  of  the  ectoblastic  impaired  ingrowth 
{T,  SL)  are  shown  in  median  section  in  figs.  13-15;  in  these  stages 
it  already  shows  the  division  into  an  outer  vestibulum,  transversely 
widened,  from  the  middle  of  which  extends  forward  a  single  tracheal 
trunk,  ali  with  a  thin<;hitinous  lining.  Fig.  15  is  the  stage  of  hatching, 
aged  fifteen  days,  and  shows  just  behind  the  stigma  the  stili  solid 
primordium  of  the  colulus  (Col,), 

Thus  the  appendages  of  the  third  abdominal  segment  disappear 
entirely  by  merging  with  the  circumjacent  hypodermis  and  without 
forming  any  invagination.  Quite  independent  of  them  and  at  the 
posterior  margin  of  the  third  abdominal  segment  arises  subsequently 
an  unpaired  ectoblastic  inpushing,  the  vestibulum,  from  the  middle 
part  of  which  grows  forward  a  little  before  the  time  of  hatching  a  single 
tracheal  trunk.  I  have  not  found  any  indications  of  folding  of  the 
tracheal  wall  like  the  pulmonary  folding,  such  as  Simmons  described, 
and  I  would  judge  that  the  f  old  supposed  by  Simmons  to  be  the  trachea, 
represented  in  his  fig.  8,  is  not  a  tracheal  invagination  at  ali,  but  merely 
the  space  dorso-posterior  to  the  caudal  lobe. 

Reference  may  be  made,  in  passing,  to  the  relative  position  of  the 
segments  in  the  adult  abdomen.  The  pulmonary  stigma  marks  the 
posterior  border  of  the  second  segment,  the  tracheal  stigma  (or,  in 
Dipneiunonids,  that  of  the  second  pair  of  lungs)  the  posterior  border 
of  the  third  segment,  while  the  anterior  and  posterior  spinnerets  mark 
the  posterior  regions  of  the  fourth  and  fìfth  segments  respectively. 
In  Loxosceles  the  third  segment  comes  to  occupy  a  large  portion  of  the 
venter,  as  shown  in  figs.  22-24,  PI.  XIII.  In  FUistaia  (fig.  33,  PI.  XIV) 
and  Evagrus  (figs.  30-32)  the  third  segment  is  relatively  much  smaller 
After  the  stage  of  reversion  the  first  abdominal  segment  cannot  be 
distinguished  externally  from  the  second,  and  I  am  inclined  to  think 
it  enters  mostly  into  the  composition  of  the  pedicel. 

3.  Development  of  the  Lung-books. 

A  considerable  amount  of  work  has  been  done  upon  the  development 
of  these  organs  since  Salensky  (1871)  showed  that  they  are  derived 
from  the  appendages  of  the  second  abdominal  segment. 

Bertkau  (1872)  found  that  new  lamellse  are  added  during  the  growth 
of  the  spider,  each  new  onc  as  an  invagination  from  the  region  of  the 
lateral  corner  of  the  stigma. 
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Locy  (1886)  figured  and  described  two  rather  late  stagee,  in  the  earlier 
of  which  "the  lungs  appear  as  oblong  platee  of  cells,  the  large  ovai 
nuclei  of  which  are  arranged  in  parallel  rows";  ultimately  there  resiilt 
bicellular  interlamellar  pillare.  Schimkewitsch  (1887)  described  briefly 
a  single  rather  late  stage  before  hatching,  the  single  figure  of  which 
given  by  him  by  no  means  proves  that  "the  lungs  of  the  embryo  of 
Lycosa  saccata  consist  of  true  tracheae  disposed  in  bundles."  Morin 
(1887)  found  the  lungs  to  be  formed  from  thickenings  at  the  bases  of  the 
appendages  of  the  second  abdominal  segment,  these  thickenings  becom- 
ing  the  opercula.  What  Bruce  (1887)  has  described  as  a  pulmonary 
operculum  and  lung  cavity  seems  to  be  nothing  more,  and  Kishinouye 
has  previously  made  the  criticism,  judging  from  his  figs.  LXXIX  and 
LXXIX/  than  the  caudal  lobe  at  the  stage  of  reversion  and  the  space 
between  it  and  the  body  wall;  his  account  has  accordingly  no  value. 
Kishinouye  (1890)  found  "in  the  basai  part  of  the  first  abdominal 
appendage  of  each  side,  there  arises  an  ectodermic  invagination  whose 
opening  faces  away  from  the  median  line.  ...  Of  the  wall  of  the 
invaginated  pocket,  that  which  faces  the  distai  end  of  the  appendage 
is  much  thicker  than  the  opposite  wall,  filling  the  interior  of  the 
appendage.  The  cells  composing  it  become  after  awhile  arranged  in 
parallel  rows.  Each  two  of  these  parallel  rows  adhering  together 
produce  the  lamellse  of  the  lung-book.  The  external  epithelium  of  the 
appendage  which  covers  these  lamellae  becomes  the  operculum  of  the 
lung-book  after  it  is  depressed  in  height."  Simmons  (1894)  has  given 
the  fullest  account  up  to  his  time,  and  the  one  most  fuUy  illustrated  by 
figures.  He  described  fully  the  method  of  invagination  of  the  first 
abdominal  appendage,  found  on  its  inner  (mesial)  surface  a  series  of 
folds  during  this  process  of  invagination,  which  folds  he  believed 
become  the  pulmonary  lamellse.  There  is,  however,  a  great  hiatus 
between  the  stages  of  his  figs.  6  and  7,  and  the  early  embryonic  folds 
do  not  lie  in  the  same  position  as  the  adult  lamellse.  Purcell  (1895) 
found  that  "the  earliest  lung-leaves  appear  on  the  expased  posterior 
sides  of  the  appendages  before  the  latter  bave  commenced  to  sink 
below  the  surface  into  the  body,  and  completely  outside  of  the  basai 
sack,  "  and,  like  Simmons,  he  concludes  these  become  the  adult  lamellse, 
but  without  tracing  completely  their  later  history.  Wallstabe  (1908) 
says  he  can  corroborate  Simmon's  results,  but  does  not  enter  into 
details. 

Jaworowski(1894)  presented  a  full  account,  well  illustrated,  but  did 
not  describe  any  stage  earlier  than  one  considerably  later  than  reversion. 
He  bogan  with  a  stage  where  beneath  the  first  abdominal  appendage 
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there  is  a  saccular  invagination,  from  which  proceeds  dorsally  a  tube 
dividing  into  severa!  branches;  "it  is,  however,  clear  that  the  so-called 
lungs  of  the  spider  in  the  embryonal  condition  are  repeatedly  branched 
tracheae."  These  tracheal  tubes  ultimately  disappear,  and  the  de- 
finitive pulmonary  lamellae  arise  from  parallel  outgrowths  of  the  vesti- 
buie  (Vorraum). 

Finally,  the  latest  memoir,  that  of  Janeck  (1909)  on  Lycosa,  Ls 
the  most  extensive,  and  he  had  not  only  an  excellent  series  of  stages, 
but  he  also  made  use  of  wax  reconstructions.  He  describes  thoroughly 
the  infolding  of  the  first  abdominal  appendage,  finds  that  it  develops 
a  series  of  pronounced  folds  on  its  inner  (mesial)  surface,  thus  far 
essentially  eorroboràting  the  observations  of  Simmons  and  Purcell, 
but,  contrary  to  these  writers,  he  finds  these  embryonic  folds  disappear. 
"Especially  important  is  the  demonstration  that  the  folds  of  text  ' 
figure  16,  which  many  authors  refer  directly  to  the  lung-leaves,  have  no 
relation  at  ali  to  the  lung  .  .  .  and  the  fold  formation  of  these  stages 
show  themselves  to  be  not  even  f orerunners  of  the  lung-leaves.  "  The 
pulmonary  lamellae  arise  as  secondary  folds  from  a  compact  lung  mass. 

It  will  be  seen  that  there  are  considerable  differences  of  opinion,  out 
of  which  it  is  hard  to  reach  the  true  state  of  aflFairs.  My  observations 
are  in  entire  disagreement  with  the  conclusions  of  Schimkewitsch  and 
Jaworowski,  that  the  lungs  arise  as  tubular  tracheae,  and  I  believe 
that  Jaworoski  misinterpreted  embryonic  dorso-ventral  muscles. 
Then  neither  of  these  authors  described  the  earliest  stages.  With 
Purcell,  I  find  folds  appearing  upon  the  posterior  surf ace  of  the  pulmo- 
nary appendages  before  it  invaginates  ;  but,  in  opposition  to  him  and 
Simmons,  and  in  agreement  with  Janeck,  I  find  these  folds  are  oiùy 
temporary,  and  that  the  definitive  lamella}  arise  from  a  disassociated 
solid  celi  mass.  Locy,  Morin  and  Kishinouye  were  correct,  so  far  as 
their  observations  went. 

In  Theridium,  about  the  stage  of  reversion,  the  pulmonary  stigma 
(P.  St.y  fig.  1,  PI.  XI)  is  present  as  an  ectoblastic  invagination  just  behind 
the  appendage  of  the  second  abdominal  segment,  and  on  the  posterior 
face  of  this  appendage  are  present  three  folds  (Lam.  1),  These  embry- 
onic folds  may  be  called  the  primary  lamellae.  In  a  later  stage,  shown 
in  fig.  2  (a  surface  view  of  thls  stage  is  represented  in  fig.  16,  PI.  XII),  the 
pulmonary  stigma  (P.  Si,)  has  become  deeper,  and  the  primarj" 
lamellae  (^Lam.  1)  more  pronounced.  Later,  fig.  3,  the  pulmonary  sac 
or  chamber  has  become  a  narrow  space  by  the  further  insinking  of  the 
pulmonary  appendage.  Two  primary  lamellae  can  be  stili  distinguished 
(^Lam,  1)  but  they  have  become  relati vely  smaller;  fig,  4  is  a  section 
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of  the  same  appendage  but  to  one  side  of  the  stigma,  where  there  is  a 
closed  tube  beneath  the  outer  ectoblast  formed  by  overgrowth  in 
the  manner  described  by  Janeck.  Fig.  5  represents  a  stage  stili  later; 
the  whole  pulmonary  appendage  has  become  flattened  down  to  the  sur- 
face  of  the  abdomen,  the  primary  lamellse  {Lam.  1)  are  not  more  than 
two  in  number  and  only  slightly  pronounced,  while  the  anterior  end 
of  the  pulmonary  ingrowth  is  growing  larger  in  the  cephalad  direction. 
In  fig.  6,  cut  to  one  side  of  the  stigma  (so  comparable  with  fig.  4  of  an 
earlier  stage),  the  anterior  region  of  the  solid  ingrowth  is  divided  into 
two  parts,  the  beginning  of  the  first  two  true  or  secondary  lamellse 
(Lam.  2),  The  slightly  later  stage  of  fig.  7  is  particularly  instructive. 
The  abdomen  now  makes  a  short  angle  with  the  cephalothorax,  so 
that  the  layer  of  ectoblast  {Ed,)  most  to  the  left  in  the  figure  is  the 
lining  of  the  cephalothorax.  The  pulmonary  stigma  (P.  St)  occupies 
the  same  relative  poeition  as  in  fig.  5,  but  the  pulmonary  sac  or  cavity 
(P.  Cav.)j  which  is  Uned  on  ali  sides  by  ectoblast,  has  become  more 
voluminous  and  anterior  extensions  of  it  lead  into  three  secondary 
lamellsB  {Lam,  2),  There  is  no  longer  any  trace  of  the  primary  lamellse. 
These  had  become  gradually  shorter  in  the  successive  stages,  shown 
in  figs.  2,  3,  and  5,  being  only  faintly  marked  in  the  last.  There 
is  no  trace  of  them  in  the  stage  of  fig.  7;  were  they  present  they  should 
show  just  above  the  stigma  (P.  SL)  on  the  mesial  (right)  side  of  the 
ectoblastic  operculum.  The  primary  lamellae  have  not  become  the 
secondary  lamellae  {Lam.  2),  for  the  latter  are  directed  cephalad  and 
arise,  as  we  have  seen,  f  rom  the  solid  anterior  portion  of  the  pulmonary 
primordium.  These  results  are  in  essential  agreement  with  those  of 
Janeck,  though  in  the  form  studied  by  him,  Lycosa,  the  primary 
lameUse  are  larger  and  more  numerous,  and  by  the  fusion  of  their  free 
ends  with  the  mesial  wall  of  the  lung  cavity  give  rise  to  a  series  of  small 
cavities  Uned  by  ectoblast  which  ultimately  dose  up.  The  primary 
lamellse  do  not  become  the  lamellse  of  the  adult,  and,  as  Janeck  has 
indicated,  would  seem  to  have  no  more  morphological  importance  than 
the  slight  integumentary  folds  foimd  on  the  mesial  side  of  the  proxi- 
mal  portion  of  the  cephalothoracal  appendages. 

The  history  of  the  secondary  or  definitive  lamellse  is  as  foUows. 
Arising  from  the  solid  anterior  region  of  the  lung  tissue,  as  shown  in 
figs.  6  and  7,  these  lamellse  become  larger  and  more  cyUndrical  with 
narrower  lamina  {Lam,  2,  fig.  8).  Successive  ones  are  formed  from  the 
solid  mesial  wall  of  the  lung  ingrowth,  and  in  their  growth  they  press 
into  an  archica?lic  cavity  {Bl,  Cav,)  between  the  ectoblast  {Ed,)  and 
mesoblast  {Mes,),     In  fig.  9,  PI.  XII,  three  of  these  secondary  lamellse 
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{Lam,  2)  are  shown;  each  contains  a  narrow  canal  communicating 
posteriorly  with  the  main  pulmonary  cavity  (P.  Cav.)  and  their  wall  is 
lined  by  a  very  flattened  epithelium;  where  the  nuclei  are  placed  there 
is  a  heightening  of  the  cytoplasm  around  them,  and  the  figure  shows 
clearly  the  biserial  arrangement  of  the  nuclei,  at  certain  intervals 
bicellular  pillare  occurring  between  adjacent  lamellae.  The  archicoelic 
space  around  these  lamellae  hasbecome  a  vascular  cavity  {BL  Cav,), 
shown  by  stippling.  A  crossnsection  of  the  lung  region  of  this  stage 
is  shown  in  fig.  10;  in  the  vascular  cavity  {Bl.  Cav.)  ììe  the  lamellse 
(Lam,  2)  which  are  seen  to  be  flattened  tubes.  The  last  stage  I  bave 
been  interested  to  examine  is  that  of  fig.  11,  one  of  about  nine  days 
(hatching  usually  takes  place  in  the  fifteenth  day).  Fi  ve  lamellae  are 
developed,  but  owing  to  obliquity  of  the  section  none  are  seen  in  their 
full  length.**  Mesial  to  them  (to  the  right  in  the  figure)  there  is  an  ecto- 
blastic  layer  (Ed.),  from  which  further  lamellae  will  be  formed.  The 
relation  of  the  bicellular  pillars  to  the  lamellae  and  to  the  blood  cavity 
{Bl.  Cav,)  is  perfectly  clear. 

Thus  each  lung-book  arises  in  the  region  of  the  appendage  of  the 
second  abdominal  segment.  Immediately  behind  this  appendage  devel- 
ops  an  ectoblastic  invagination,  the  stigma  and  pulmonary  chamber, 
and  into  this  the  appendage  invaginates.  There  are  temporary  lamellae 
on  the  posterior  surface  of  this  appendage,  and  these  come  to  lie  within 
the  pulmonary  chamber,  but  they  disappear  entirely  and  from  a 
thickened  celi  mass  of  the  anterior  region  of  the  invagination  the 
secondary  or  definitive  lamellae  develop.  The  appendage  thereby 
forms  both  operculum  and  secondary  lamellae. 

4.  Genetic  Relations  of  the  Trachea  and  Lung-books 
OF  Araneads. 

In  the  Araneae  theraphosae  there  are  two  paira  of  lung-books  and  no 
tracheae,  and  this  is  also  the  case  in  the  Hypochilidae  among  the  Ara- 
neae verae.  Nothing  is  known  of  the  development  of  these  organs 
in  these  forms,  except  my  observation  that  in  Evagrus  the  lung-books 
are  derivations  of  the  second  and  third  abdominal  segments.  Ali 
other  Araneae  verae  with  two  exceptions  bave  one  pair  of  lung-books 

'  It  will  be  noted  that  ali  the  drawings  on  Piate  XI  are  made  to  the  same  scale^ 
yet  in  some  cases,  as  on  comparison  of  fig.  3  with  fìgs.  2  and  5,  the  parts  and  nuclei 
of  one  embryo  may  be  mucli  smaller  tnan  in  another  embryo  of  approximately 
the  same  age.  Tliis  is  because  there  are  great  individuai  differences  in  the  sizie 
of  eggs,  so  of  the  sizc  of  the  cells  that  compose  them.  The  nimiber  of  cells 
appears  to  be  Constant  for  a  particular  stage,  but  the  size  of  the  cells  depends 
upon  the  size  of  the  embryo. 
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and  an  unpaired  or  paired  (Dysderidse)  tracheal  stigma;  the  excep- 
tions  are  the  Caponiidse  with  four  tracheal  stigmata,  but  no  lung-books, 
and  the  Pholcidae  with  one  pair  of  lung-books,  but  with  no  tracheae 
or  only  very  nidimentary  ones  (Lamy,  1902). 

There  has  been  much  discussion  as  to  the  genetic  relations  of  these 
two  organs.  They  havè  been  so  fuUy  and  ably  compared  by  Lamy 
that  it  is  not  necessary  to  more  than  summarize  his  account.  Since 
the  time  of  Leuckart  (1849)  ali  writers  on  the  subject  seem  to  conclude 
an  essential  homodynamy  of  lung-books  and  trachese,  save  Berteaux 
(1889),  who,  however,  reached  quite  an  erroneous  idea  of  the  structure 
of  the  pulmonary  lamellse.  But  three  different  opinions  bave  arisen, 
namely,  whether  the  lungs  are  modified  trachese,  the  tracheae  modi- 
fied  lungs,  or  both  derived  from  a  common  ancestral  organ.  That 
the  lungs  are  modified  tracheae  is  held  by  Leuckart  (1849),  Ley- 
dig  (1855),  Bertkau  (1872),  Schimkewitsch  (1884,  1887),  Croneberg 
(1888),  Schneider  (1892),  Sinclair  (1892),  v.  Kennel  (1892),  Jaworow- 
ski  (1894),  Lamy  (1902),  and  Janeck  (1909).  That  the  trachese  are 
derived  from  lung-books  is  maintained  by  Lankester  (1881),  MacLeod 
(1884),  Kingsley  (1893),  Simmons  (1895),  Laurie  (1894),  Wagner  (1895) 
and  Kishinouye  (1890) — ^this  group  of  naturalists  being  mainly  influ- 
enced  by  the  Limulus-ancestry  theory.  Finally,  Weissenborn  (1886) 
and  Bernard  (1893)  hold  that  lung-books  and  tracheae  are  divergent 
derivatives  of  a  common  ancestral  organ,  in  the  one  case  from  tracheae 
of  the  type  of  Peripatus,  in  the  other  from  acicular  glands  of  Annelids. 

Intheir  adult  condition  lungs  and  tracheae  are  both  branched  cavities 
lined  by  cuticulated  hypodermis.  In  the  lung-books  the  branches 
are  flattened  lamellae  placed  parallel,  in  the  tracheae  the  branches  are 
usually  cylindrical  ramifying  tubes.  But  sometimes  the  main  tracheal 
trunk  has  no  branches,  and  sometimes  the  branches  are  arranged  in 
parallel  bundles,  ali  of  w^hich  details  ha  ve  been  described  by  Lamy; 
further,  I  bave  noticed  in  Loxoscdes  that  the  large  median  tracheal 
trunk  is  excessivcly  compressed,  quite  as  much  as  a  pulmonary  lamella. 
Further,  tracheae  and  lung-books  may  replace  each  other  in  both  the 
second  and  third  abdominal  segments.  Therefore  there  are  no  radicai 
anatomical  differences  between  the  two. 

Ontogenetically  both  arise  as  ectoblastic  invaginations,  and  there  is 
a  vestibulum  in  each  case.  But  there  are  four  differences  in  the  develop- 
ment:  (1)  In  the  case  of  the  lung-books  the  abdominal  appendage 
inva^nates  and  the  wall  of  the  part  so  invaginated  bounds  the  main 
pulmonary  chamber,  while  the  external  surface  of  the  appendage 
becomes  the  operculum.     In  the  case  of  the  trachea  the  abdominal 
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appendage  does  not  invaginate,  but  disappears  by  merging  with  the 
surrounding  ectoblast,  the  trachea  arises  after  it  has  disappeared, 
the  tracheal  vestibulum  is  not  formed  from  this  appendage,  and  there 
is  no  operculum.  (2)  The  pulmonary  stigma  arises  immediately 
behind  its  appendage,  but  the  tracheal  stigma  develops  more  or  less 
behind  the  originai  position  of  the  appendage  of  its  segment.  (3) 
The  puhnonary  lamellae  arise  from  a  thickened  solid  celi  mass,  which  is 
not  the  case  with  the  tracheal  branches.  (4)  The  tracheae  appear 
somewhat  later  in  the  ontogeny. 

Thus  while  the  anatomica!  differences  are  not  great  the  ontogenetic 
are  considerable.  The  most  important  difference  is  that  the  lung- 
books  develop  from  appendages.  On  the  basis  of  this  particular 
difference  we  must  conclude  that  there  is  no  complete  homodynamy 
between  the  two  sets  of  organs,  but  an  incomplete  resemblance.  The 
trachea  exhibits  a  simpler  method  of  formation,  but  this  in  itself  need 
speak  no  more  for  primitiveness  than  for  degeneracy.  The  present 
evidence  does  not  clearly  indicate  which  is  the  more  primitive. 

5.    LlMULUS   AND   THE   ArACHNIDS. 

To  one  question,  however,  we  may  take  a  more  decided  stand — ^that, 
namely,  of  the  reference  of  aranead  lung-books  to  the  branchise  of 
Limulus,  Since  Straus-Durckheim  (1829)  first  insisted  that  Ldmvlus 
is  much  more  closely  related  to  Arachnids  than  to  Crustaceans,  this 
view  has  grown  steadily  in  support,  especiaJly  in  the  hands  of  E.  Van 
Beneden  (1871),  A.  Milne-Edwards  (1873),  Barrois  (1878),  Lankester 
(1881),  Patten  (1890)  and  Kingsley  (1893).  And  there  can  be  little 
question  that  Limvlìis  and  the  Arachnids  are  related,  from  the  corre- 
spondence  in  segmentation,  arrangement  and  number  of  appendages, 
endosternal  and  entapophysial  structures,  centrai  nervous  and  vascular 
s}^tems  and  other  organs,  ali  of  which  have  been  carefuUy  compared 
by  Lankester  and  Kingsley.  The  principal  difference  between  the 
two  has  been  considered  the  respiratory  organs,  and  Lankester  sought 
to  obviate  this-  by  reasoning  that  the  lung-books  of  Arachnids  arose  by 
the  invagination  of  lamelligerous  branchial  appendages,  and  that  the 
tracheae  are  in  their  turn  modifications  of  lung-books.  This  view 
seemed  to  be  confirmed  by  the  accounts  of  the  development  of  arach- 
nidan  lung-books  as  given  forspiders  by  Kishinouye,  Purcell  and  Sim- 
mons,  and  for  the  scorpion  by  Brauer  (1895).' 

•  Brauer*s  study  did  not  determine  the  first  orìgin  of  the  pulmonary  lamellsB , 
for  there  is  a  gap  between  the  stages  shown  in  his  text  figs.  156  and  e. 
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Simmons  insisted  on  the  foUowing  points:  (1)  that  primary  folds 
appear  very  early  on  the  postcrior  surface  of  the  invaginating  pul- 
monary  appendage  of  the  spider,  resembling  very  closely  in  position 
the  gill-leaf  development  of  Limvlus  d&  described  by  Kingsley;  and 
(2)  that  such  folds  become  the  pulmonary  lamellse  of  the  adult  spider. 
But  Janeck  and  I  demonstrate  that  these  primary  lamellse  of  the  spider 
are  only  temporary,  with  probably  no  more  significance  than  the  folds 
on  the  mesial  surfaces  of  the  cephalothoracal  appendages,  and  they 
certainly  do  not  become  the  definitive  lamellse  of  the  lung-book.  The 
truth  is  that  the  secondary  pulmonary  platee  of  the  spider  do  not 
arise  from  folds  on  the  oiiter  surface  of  an  appendage,  but  in  a  diflfer- 
ent  position  from  a  solid  celi  mass  after  the  appendage  has  invagi- 
nated. 

Theref  ore  there  is  nothing  in  the  ontogeny  of  the  lung-books  of  spiders 
similar  to  the  development  of  the  gills  of  the  Xiphosura,  beyond  that 
they  are  both  connected  with  abdominal  appendages;  consequently 
no  embryological  ground  for  deriving  the  lung-books  from  gills. 

Further,  objections  of  a  theoretical  nature  may  also  be  made  against 
the  derivation  of  the  lung-books  from  gills.  First,  the  direct  change 
of  a  water-breathing  organ  into  an  air-breathing  one  would  be  almost 
without  parallel  ;  at  least  I  cannot  recali  any  instance  of  this  kind  in 
animals.  Second,  granted  that  LimiUus  is  genetically  related  with 
arachnids,  a  view  to  which  I  subscribe,  what  reason  bave  we  for 
assuming  that  Limulìis  is  the  more  primitive  form?  The  only  good 
anatomical  argument  for  this  view  is  that  Ldmvlus  retains  through  life 
six  pairs  of  abdominal  appendages,  and  also  a  pair  of  nephridia.  The 
general  reason  for  the  primitiveness  of  LimiUiis  is  its  marine  habitude^ 
with  the  assumption  that  the  ancestors  of  most  groups  must  bave 
origìnated  in  the  seas.  The  latter  assumption  lacks  ali  solid  basis, 
and  has  been  opposed  by  Simroth  (1891)  and  myself  (1906).  But  the 
true  arachnids  are  essentially  terrestrial,  quite  as  much  as  the  insects 
are,  and  though  a  few  bave  taken  to  aquatic  existence,  such  as  the 
Hydrachnids  and  Argyronetay  ali  of  thcm  breathe  atmospheric  air. 
Further,  true  araneads  occurred  in  the  Carboniferous,  in  times  as  early 
as  the  first  fossil  traces  of  Limuloids,  while  terrestrial  scorpions  existed 
in  the  Silurian.  These  facts  would  indicate  that  the  true  arachnids 
originated  on  the  land.  It  would,  accordingly,  seem  to  me  that  if 
Limulìis  he  related  to  the  arachnid  stock,  and  this  seems  well  estab- 
lished,  that  the  former  represents  a  line  of  descent  that  has  taken 
secondarily  to  aquatic  life;  and  for  this  view  would  speak  also  its  exist- 
ence in  shoal  waters,  and  its  behavior  in  laying  its  eggs  dose  to  the 
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land.  The  position  I  bave  taken  is  in  direct  opposition  to  the  general 
one  as  voiced  by  Korschelt  and  Heider,  "that  the  Arachnida  have 
developed  from  the  Paleostraca  by  adaptation  to  land  life." 

6.  The  Taxonomic  Rank  of  the  TheraphoSìE. 

By  quite  general  consent  arachnologists  consider  the  Aranese  thera- 
phosae  to  be  more  primitive  than  the  Araneae  verse.  I  do  not  know 
whether  this  conclnsion  has  at  any  time  been  critically  discussed,  and 
in  the  present  place  I  shall  touch  on  it  only  briefly  and  tentatively,  for 
I  feel  my  knowledge  of  the  families  of  spiders  is  too  deficient  for  me  to 
attempt  to  make  any  positive  decision. 

The  TheraphossB  differ  from  the  Aranese  verse  in  having  the  chelicera 
directed  forward  instead  of  downward,  in  possessing  no  trachese,  and 
in  having  no  maxillary  plates  on  the  pedipalp  (except  in  certain 
At3rpidse). 

We  cannot  say  whether  the  character  of  the  position  of  the  chelicera 
is  more  primitive  in  the  first  case  than  the  other.  The  lack  of  maxillary 
plates  might  or  might  not  be  due  to  degeneration,  and  we  have  seen 
that  there  is  no  good  basis  for  deciding  whether  lung-books  are  more 
primitive  than  trachese. 

Thus  these  anatomica!  differences  in  themsclves  furnish  no  good 
answer  to  our  queetion.  The  Liphistiids  in  their  general  structure 
appear  decidedly  primitive,  with  their  four  pairs  of  functional  spin- 
nerets  and  their  segmented  abdominal  terga;  yet  Simon  (1908)  in  his 
recent  description  of  the  male  of  Liphistiits  birmanicus  has  shown 
that  the  palpai  bulbus  is  much  more  complex  than  in  other  Therapho- 
«ids. 

Excluding  the  Liphistiidse,  the  other  families  of  the  Theraphosse, 
namely,  the  Aviculariidse  and  the  Atypidse,  would  seem  to  be  degenerate 
in  one  respect,  that  of  the  spinnerets.  For  they  possess  neither  colulus 
nor  cribellvim,  and  almost  ali  the  Aviculariids  lack  also  the  anterior 
spinnerets.  The  great  length  and  appendage-like  appearance  of  the 
posterior  spinnerets  in  the  Aviculariids  might  not  be  a  primitive 
character,  but  be  due  to  compensatory  growth  on  account  of  the  loss 
of  the  anterior  spinnerets.  The  general  small  size  and  compact  group- 
ing  of  the  eyes  might  well  be  the  result  of  the  usuai  tubicolous  mode  of 
life.  Further,  there  are  certain  Aranese  verse  (such  as  FUistata) 
which  show  the  male  copulatory  bulbus  less  complex  than  in  the 
Theraphosse. 

In  the  loss  of  the  spinnerets  of  the  fourth  abdominal  segment, 
in  the  small  size  of  the  eyes,  and  in  the  occasionai  great  volume  of 


Digitized  by 


Google 


1909.]  NATURAL  SCIENCES  OF  PHILADELPHIA.  317 

the  body  the  AviculariidsB  at  least  would  seem  to  be  considerably 
modified.  They  might  well  be  considered  a  modified  branch  which 
has  to  great  extent  replaced  spinning  by  burrowing.  Few  of  them 
construct  true  snares,  and  then  only  simple  ones.  Thus  they  might 
stand  in  somewhat  the  sanie  relation  to  the  Arane»  verse,  as  the 
Ratitffi  do  to  the  Carinatae  among  birds. 

While  this  hypothesis  of  the  systematic  rank  of  the  Aviculariidse 
may  appear  reasonable,  we  can  hardly  at  the  present  time  decide  the 
rank  of  the  Liphistiidae  and  Atypidse,  or  indeed  decide  whether  the 
Theraphosae  represent  a  homogeneous  group. 
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Explanation  of  Plates  XI,  XII,  XIII,  XIV. 

AH  the  fìgures  have  been  made  by  the  author  with  the  aid  of  the  camera 
lucida,  and  in  each  the  antcrior  region  is  directed  upwards.  In  the  lettering  of 
the  plates  the  foUowing  abbreviations  have  been  employed: 

1-1  ly  abdominal  segments  1  to  11.  -4.  <Sp.,  anterior  spinneret. 

1  G.-ll  G.j  ganglia  of  the  preceding.  Bl.  Cav.^  blood  ca\aty. 

2  Ap-o  Ap.,  appendages  of  abdomi-  CAe/.,  cheliceron. 
nal  segments  2-5.  C.  L.,  caudal  lobe. 

An,,  anus.  Ccel.,  coelom. 
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Col.,  colulus.  P.    Cav.,    ectoblastic  cavity  of   iung- 

Cr.,  cribellum.  hook. 

Cr.  Pl.y  spìnning  piate  of  cribellum.  Ped^  pedìcel  of  abdomen. 

Ect.y  ectoblast.  P,  Sp.,  posterior  spinneret. 

//.,  heart.  P,  St,,  pulmonary  stigma. 

L.  1-L.  4,  ambulatory  limbs  1-4.  PuL,  limg-book. 

L.  1    G-L.  4  G.f  gaaglia  of   the  pre-  -R.B.,  rectalbladder  (stercoral  pocket). 

ceding.  Ros.,  rostrum. 

Lam,  1,  primary  lamella  of  lung-book.  Sp.,  spimieret. 

Lam.  ;?,  secondary  lamella  of  Imig-book.  Sp.  Gì.,  spimiing  gland. 

Af .,  muscle.  Tr.,  trachea. 

Mes..  mesoblast.  T,  St.,  trachea!  stigma  and  vestibulum. 

M.  Èp.f  median  spimierei.  x.,  ectoblastic  thickening  of  undeter- 
iV.  C,  nerve  cord.  mined  signifìcance. 

Plate  XI. — Theridium  tepidariorum. — Oblique   longitudinal   sections  through 

the  lung-book  region,  ali  drawn  to  tne  same  scale. 
Fig.  1.— About  98  hours. 
Fig.  2.— About  127  hours. 
Figs.  3,  4. — 121  hours;  fig.  3  through  the  stigma,  and  fig.  4  somewhat 

lateral  to  it,  of  the  same  limg-book. 
Fig.  5. — Of  another  embryo  of  121  hours. 

Fig.  6. — Of  another  embryo  of  121  hours,  to  one  side  of  the  stigma. 
Fig.  7. — 145  hours. 
Fig.  8.— 145  hours. 

Plate  XII. — Theridium  tepidariorum. — AH  the  figures  except  16  drawn  to  the 

same  scale. 
Fig.  9.     Longitudinal  section  of  lung-book,  about  150  hours. 
Fig.  10. — Oblique  cross-section  of  lung-book  of  an  embryo  of  the  same  age. 
Fig.  11. — Longitudinal  section  of  a  lung-book,  the  lamellae  not  shown  in 

their  full  length,  about  218  hours. 
Fig.  12. — Longitudinal   section   through  pulmonary  and   tracheal   stigma, 

145  hours. 
Fig.  13. — Median  section  of  tracheal  stigma,  168  hours. 
Fig.  14. — Median  section  of  trachea,  about  218  hours. 
P'ig.  15. — ^Median  section  of  trachea,  15  days. 
Fig.  16. — Oblique  dorso-lateral  surface  view  of  embryo  of  about  127  hours. 

Plate    XIII. — Loxosceles. — Figs.    17-24   are   surface   views   of   whole-stained 

embryos  drawn  to  the  same  scale,  in  figs.  17-19  the  extra-embryonic 

area  "being  stippled. 
Fig.  17. — Postero-ventral,  190  hours  (8  days). 
Fig.  18. — Postero-ventral,  170  hours  (7  days). 
Fig.  19. — Postero-lateral,  170  hours  (7  days). 
Fig.  20.— Lateral,  218  hours  (9  days). 
Fig.  21.— Ventral. 

Fig.  22. — Abdomen,  ventral,  265  hours  (11  days). 
Fig.  23. — Abdomen,  ventral,  14  days. 

Fig.  24. — Abdomen,  ventral,  20  days,  the  hypodermal  hairs  not  drawn. 
Fig.  25. — Median  longitudinal  section  of  the  colulus  of  an  adult,  its  free  apex 

at  the  left  and  its  dorsal  surface  above. 
Fig.  26. — Ventral  view  of  colulus  and  spinnerets  of  an  adult  female,  from 

an  unstained  balsam  mount. 
Fig.  27. — Adult  vestibulum  and  roots  of   main  tracheal  branches,  caustic 

potash  preparation. 

Plate  XIV. — Evagrus,  Filistata,  Dictyna,  Hyptiotes. — Figs.  28-32  are  drawn 
to  the  sanie  scale. 
Fig.  28. — Evagrus,  lateral  view  of  embryo  before  reversion. 
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Fig.  29. — EvagruSf  ventral  view  of  abdomen  shortly  after  reversion  '  the 
dotted  line  in  the  upper  portion  of  the  figure  indicates  where  the  cephalo- 
thorax  had  been  broken  off  and  a  part  of  the  abdomen  removed. 

Figs.  30-32. — EvagruSj  ventral  \'iew8  of  abdomìna  of  successive  later  stages, 
fig.  32  of  an  embryo  of  19  days  (iust  hatching). 

Fig.  33. — FUistata,  ventral  view  of  alxiomen  of  embryo  shortly  after  rever- 
sion. 

Fig.  34. — FiUstaJta^  ventral  view  of  cribellum  of  adult  female,  balsam  mount. 

Fig.  35. — Dictyna  volupis,  ventral  view  of  cribellum  and  tracheal  vestibulum 
of  adult  female,  balsam  mount. 

Fig.  36. — Hyptiotes  cavatuSj  ventral  view  of  cribellum  of  adult  female,  balsam 
mount. 
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POLTOHJfcTOXrS  AtltELlDB  FBÓX  HOVTESSt  BAt  AlfD  BàlT  NteO, 

CALCFOBKIA. 

BY  J.  PERCY  MOORB,  PH.D. 

In  this  paper  are  reoorded  the  resnlts  of  a  study  of  the  California 
Polychseta  belongìng  to  the  Museum  of  Ldand  Stanford  Junior  Uni- 
versity, which  were  submitted  to  me  at  vaarious  tìmes  by  Profs. 
Harold  Heath  and  W.  K.  Fisher  of  that  instìtution.  Descriptions  of  a 
few  new  species  from  San  Diego  bave  been  puUished  already  in  these 
Proceedings  for  1904,  pp.  484-503.  The  lootìities  at  whioh  the  oollec- 
tions  were  made  are  limited  to  two,  namdy  :  the  vicinity  of  Monterey 
Bay,  at  about  the  middle  of  the  California  ooast,  where  Mr.  M.  H. 
Spaulding  collected  in  1903  and  1904,  chiefly  at  Pacific  Grove,  and 
San  Diego,  chiefly  on  a  sand-bar  in  the  bay,near  the  southern  boundary 
of  California,  where  Prof.  E.  C.  Starks  collected  during  1902  and 
1903.  At  both  places  the  coUecting  was  nearly  limited  to  the  littoral 
zone  between  tide  limits,  though  a  few  dredgings  were  also  made. 
A  few  specimens  collected  at  Pacific  Grove  by  Prof.  Heath  and 
presented  to  this  Academy  some  years  ago  are  also  mentioned.  In 
ali  cases  where  nothing  diÉferent  is  stated  it  will  be  understood  that 
the  specimens  were  taken  between  tides  and  by  one  of  the  two  gentle- 
men  who  made  the  bulk  of  the  collections.  Also,  unless  otherwise 
stated,  the  types  of  new  species  are  in  the  Museum  of  Stanford  Uni- 
versity. A  set  of  cotypes  and  duplicates  has  been  added  to  the  col- 
lection  of  the  Academy  of  Naturai  Sciences  of  Philadelphia. 

The  total  number  of  species  mentionedi  is  64,  of  which  21  are  con- 
sidered  to  have  been  previously  undescribed.  While  this  must  rep- 
resent  a  small  part  only  of  the  Polychsete  fauna  of  that  region  the 
records  are  important  because  they  are  in  nearly  ali  cases  material 
extensions  of  the  known  ranges  of  the  species.  Scarcely  anything 
has  hitherto  been  published  concerning  the  Polychseta  of  the  coast 
of  the  southern  half  of  California  or  of  the  Pacific  coast  of  Mexico  and 
a  rich  field  for  faunal  investigation  remains.  When  these  collections 
were  placed  in  my  hands  for  study  it  was  hoped  that  Prof.  H.  P. 
Johnson 's  projected  paper  on  the  Polych»ta  of  California  would  be 
available  for  their  determination,  but  this  much-desired  publication 
has  been  unavoidably  delayed. 


Digitized  by 


Google 


236  PROCEEDINQS  OF  THE  ACADEMY  OF  [Aprii, 

SYLLID^. 
Syllis  elongata  Johnaon. 

PionosyUU  elangata  (Johnson),  Proc.  Bos.  Soc.  Nat.  Hist.,  XXIX,  pp. 
403-405;  PI.  6,  figa.  67-70;  PI.  7,  fig.  71. 

Dredged  at  Ddmonte  wharf ,  vicinity  of  Monterey  Bay,  July  12, 1904. 

A  fine  specimen  40  mm.  long,  with  193  s^gments,  the  last  28  or  29 
of  which  are  much  distended  with  sperm  and  dongated  to  three  times 
the  length  of  the  preceding  29  segments.  The  notocirri  are  more 
tapered  and  acute  than  represented  in  Johnson's  figure.  This  species 
is  very  slender  and  in  general  aspect  closely  resembles  SyUis  graciUs 
Grube.  At  least  the  dorsalmost  seta  of  many  of  the  middle  segments 
has  the  appendage  coalesced  with  the  stem  to  forni  bifurcate  setae 
as  in  that  species.  Probably  it  should  be  placed  in  Verrill's  subgenus 
SynsyUis,  It  certainly  departs  widely  from  the  type  of  Pionosyllis 
in  the  form  of  its  setsB  and  its  strongly  moniliform  tentacles  and  cirri. 
The  posterior  region  is  so  much  enlarged  that  it  seems  probable  that  it 
separates  at  maturity. 

Trypanoiyllii  intermedia  sp.  nor.  (Fiate  vn,  figa,  l  and  2). 

An  imperfectly  known  species  resembling  T.  gemmipara  Johnson 
in  general  aspect,  but  readily  distinguished  from  that  species  by  the 
much  longer  appendages  of  its  setae. 

I^ngth  of  the  anterior  80  segments  of  an  incomplete  specimen,  18 
mm.  ;  maximum  width  between  tips  of  parapodia,  2  mm. 

Prostomium  quadrate,  silghtly  wider  than  long,  with  a  median  dorsal 
furrow.  Eyes  small,  red,  dorso-lateral;  the  anterior  slightly  farther 
apart  and  less  than  one-eighth  the  width  of  the  prostomium;  the  pos- 
terior pair  about  one-twelfth  the  width  of  the  prostomium  and  separ- 
ated  from  the  anterior  by  an  equal  distance.  Palpi  about  as  long  as 
prostomium,  projecting  forward  and  widely  divergent.  Tentacles 
ali  missing. 

Anterior  end  of  body  broad  and  strongly  depressed,  becoming 
gradually  less  so  posteriorly.  Segmenta  ali  extremely  short  and 
crowded,  especiaUy  anteriorly,  where  they  are  slightly  biannulate. 
Pygidium  unknown. 

Parapodia  uniramous,  short,  stout  and  slightly  notched  distally. 
Neurocirri  short,  cylindrical,  rounded  distally,  and  arising  from  middle 
of  ventral  face  of  neuropodia,  the  end  of  which  they  scarcely  reach. 
Notocirri  arising  from  prominent  cirrophores  immediately  above 
the  base  of  the  neuropodia;  styles  very  readily  detached  and  only  a 
few  remaining  so  that  their  relative  length  is  unknown,  those  remain- 
ing  rather  stout,  swoUen  beyond  base  and  thence  tapered  to  the  blunt 
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end,  the  longer  ones  about  equal  to  total  width  of  worm  and  with  about 
20  short  articles,  the  shorter  two-thirds  as  long  with  about  15  articles. 

Acicula  three,  tapered,  with  the  ends  blunt,  slightly  flattened  and 
just  perceptibly  enlargcd.  Setse  few  (about  ^11),  ali  subacicular^ 
colorless,  with  rather  strongly  curved  stems  acutdy  bevded  at  the 
end,  smooth,  with  a  slight  shoulder  for  attachment  of  the  appendage 
(Piate  VII,  figs.  1  and  2)  ;  length  of  appendages  varjdng  from  one 
and  one-third  times  (on  posterior  parapodìa)  to  more  than  twice  (on 
anterior  parapodia)  the  distai  thickness  of  the  stems,  their  distai  ends 
hooked  and  conspicuously  bifid,  the  teeth  being  much  more  widely 
separated  on  posterior  setse,  on  which  also  the  marginai  fringe  is  much 
less  devdoped. 

The  single  incomplete  specimen  was  taken  at  "point  above  Third 
Beach,"  vicinity  of  Monterey  Bay,  July  12,  1904. 

PHYLIjODOOIDÌE. 

FhyUodooe  medipapiUata  sp.  nov.  (Piate  vn,  figa.  8  and  4). 

The  two  examples  upon  which  this  species  is  based  diÉfer  greatly 
in  appearance  and  degree  of  contraction,  one  being  robust,  the  other 
very  slender.  Length  of  type  100  mm.,  maximum  width  of  body 
1.8  mm.,  total  width  including  parapodia  3.5  mm.;  number  of  seg- 
ments  201.  Length  of  cotype  170  mm.,  width  of  body  3.5,  total  width 
including  parapodia  8  mm.  ;  number  of  segments  240. 

Prostomium  rather  thick,  depressed,  broad,  slightly  cordate  behind; 
about  as  wide  as  long,  the  greatest  breadth  at  the  eyes  about  one- 
third  of  the  length  from  the  posterior  end,  the  sides  very  strongly 
convex  at  this  point;  anterior  border  broadly  rounded,  projecting 
slightly  beyond  tentacles.  Eyes  circular,  their  diameter  about  one- 
eighth  to  one-tenth  width  of  prostomium,  at  the  widest  part  of  which 
they  are  situated,  separated  by  about  one-half  its  width.  The  tentacles, 
which  arise  from  a  shallow  annular  depression,  short  conica!,  diverging 
equally  in  both  directions,  about  as  long  as  one-third  width  of  prosto- 
mium. Nuchal  organs  everted  as  prominent  knobs  between  sides  of 
prostomium  and  peristomium  just  bdow  eyes.  A  minute  nuchal 
tubercle,  about  one-third  diameter  of  nuchal  organs,  occupies  the 
posterior  emargination  of  the  prostomium. 

Peristomium  and  somite  II  coalesced,  achsetous,  nearly  concealed 
above  by  the  prostomial  lobes,  between  which  the  nuchal  tubercle 
projects;  bdow  forming  a  smooth,  somewhat  swoUen  lip.  Except  in 
the  character  of  its  parapodia  III  is  similar  to  succeeding  segments. 
Tentacular  cirri  ali  short,  with  distinct  cirrophores  and  rather  stout 
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styles  tapering  to  delicate  tips.  On  the  type  they  reach  to  the  fol- 
lowing  s^gments;  that  of  I  to  VII,  dorsal  of  II  and  III  both  to  IX, 
ventral  of  II  to  VI  or  VII.  On  the  cotype,  which  has  the  anterior 
segments  mueh  contracted,  each  reaches  aboiit  three  segmenta  f  arther 
caudad. 

The  body  of  the  type  is  slender,  sHghtly  depreesed,  flattened  ventrally , 
widest  in  anterior  fourth,  and  tapers  regularly  caudad;  the  length  of 
the  segments  varies  from  one-fifth  the  width  anteriorly  to  two-thirds 
width  posteriorly.  As  noted  above  the  cotype  is  mnch  contracted 
and  consequently  much  stouter.    Pygidium  unknown. 

Parapodia  (Piate  VII,  fig.  3)  uniramous,  prominent,  strictly  lateral, 
posteriorly  equaling  width  of  somites.  That  of  I  a  tentacular  cirrus 
(neurocirrus)  only;  of  II  dorsal  and  ventral  tentacular  cirri  (notocimis 
and  neurocirrus);  III  the  first  setigerous.  Typical  parapodia consist 
of  somewhat  flattened  neuropodia  supported  by  a  single,  stout,  tapered 
aciculùm  and  divided  at  the  distai  end  into  a  low,  entire  post-setal  lip 
and  a  slightly  more  prominent  presetal  lip  divided  by  a  notch  into 
supra-acicular  and  subacicular  lobes,  to  the  dorsal  border  of  the  latter 
of  which  the  slightly  curved  end  of  the  aciculùm  is  adherent. 

Foliaceous  notocirri  begin  on  IV  and  foliaceous  neurocirri  on  III; 
both  are  prominent  and  the  former  strongly  imbricated  on  the  dorsum 
of  the  parapodia.  Notodrrophores  prominent,  erect,  well  separated 
from  the  neuropodia,  more  than  half  as  long  as  the  latter  and  equally 
broad.  Styles  not  strongly  as3rmmetrical,  with  basai  auricles  only 
slightly  developed,  those  of  anterior  segments  nearly  regularly  ovoidal, 
with  bluntly  rounded  ends  and  about  two-thirds  as  wide  as  long. 
Farther  back  they  increase  in  size  and  become  more  slender  (twice 
as  long  as  wide)  and  more  acutely  tipped,  without  any  trace  of  the 
truncate  end  seen  in  so  many  species,  though  the  tips  of  some  are 
slightly  recurved.  On  middle  somites  they  approach  nearer  to  the 
ovate-lanceolate  form  usuai  in  Evlalia  rather  than  the  form  usually 
characterizing  PhyUodoce,  In  the  posterior  third  they  again  become 
shorter  and  broader — much  like  poplar  leaves — ^with  rather  abruptly 
aciuninate  tips.  Rather  firmly  attached,  of  thin,  membranous  tex- 
ture  and  with  a  striated  border  of  colored  glands.  Neurocirri  attached 
by  low,  broad  cirrophores  to  the  bases  of  the  neuropodia.  Styles  ali 
very  large  and  foliaceous  and  projecting  one-third  or  more  of  their 
length  beyond  the  neuropodia.  On  the  first  few  segments  they  are 
very  broad  and  subelliptical,  but  soon  become  more  acute  and  asjma- 
metrical  and  gradually  much  more  elongated  and  slender. 

Setae  (Piate  VII,  fig.  4)  ali  colorless,  in  fan-flhap)ed  supra-  and  sub- 
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acicular  fasciclee  of  (in  the  t3rpe)  from  eight  (on  IV)  to  twenty-six  (on 
XXV),  decreasing  to  deven  or  twelve  at  CL,  the  cotype  hearing  about 
one-third  as  many  more.  Stems  slightly  curved  and  slightly  enlarged 
distally  to  form  an  oblique  socket,  each  side  of  which  beare  a  small 
brush  of  hairs,  none  of  which  is  enlarged.  Àppendages  very  long, 
slender,  tapering,  sUghtly  curved,  with  a  border  of  minute  serrations; 
their  length  is  from  more  than  one-half  to  neariy  the  depth  of  the 
neuropodia  and  they  vary  little  in  the  different  regions. 

ProboBcis  of  t)T)e  fully  extended,  davate,  7  mm.  long,  1.8  mm.  in 
distai  and  1.2  mm.  in  basai  diamet^.  Oriflce  surrounded  by  nineteen 
rather  prominent,  compressed  ovoid  papillae.  Greater  part  of  surface 
smooth,  with  six  very  obscure  longitudinal  ridges  becoming  gradually 
more  roughened  toward  the  base.  Papillae  confihed  to  basai  one-sixth 
or  less,  arranged  in  six  longitudinal  rows  on  each  side  separated  by 
dorsal  and  ventral  intervals,  of  which  the  former  is  the  greater  and 
about  equals  the  width  of  the  papillated  areas.  The  papillfie  are 
slightly  flattened  and  the  posterior  face  is  brown.  Each  row  contains 
from  nine  or  ten  (ventral)  to  twelve  (dorsal),  the  increased  number 
resulting  from  a  few  papillae  placed  irregularly  at  the  anterior  end  of 
the  more  dorsal  rows.  In  addition  to  the  paired  series,  about  four  or 
j&ve  very  small  papillae  form  an  irregular  dorso-median  row.  Except 
for  the  greater  contraction  the  proboscis  of  the  cotype  is  exactly 
similar. 

Color  of  type  confined  to  a  brownish  tinge  on  the  dorsum  and 
notocirri;  cotype  uniform  purplish-brown. 

Type  locality,  vicinity  of  Monterey  Bay,  M.  H.  Spaulding.  The 
cotype  was  taken  at  San  Diego  by  E.  C.  Stark. 

FhyUodooe  (Oarobia)  oaitanea  Marenzeller. 

Carobia  caatanea  v.  Marenzeller,  Denkschr.    K.  Acad.  Wissensch.,  Wien, 
XLI  (1879),  Math-naturw.  Q.,  2d  Abth.,  pp.  127,  128,  Tab.  Ili,  fig.  2. 

A  much  contracted  specimen  which  agrees  very  closely  with 
V.  Marenzeller's  description  was  dredged  by  Mr.  Spaulding  on  July  12, 
1903,  at  Ddmonte  wharf,  near  Monterey  Bay.  Length  21  mm.; 
segments  160. 

Prostomium  regularly  subovate,  about  as  broad  as  long,  truncate 
posteriorly  with  a  very  slight  median  emargination;  no  anterior 
constriction  or  furrow.  Eyes  very  large,  dorsoJateral,  about  one- 
fourth  diameter  of  prostomium  and  about  an  equa!  distance  apart. 
Tentacles  lateral  and  ventro-lateral,  near  anterior  end  of  prostomium, 
directed  almost  laterad  and  very  little  forward,  acutely  subulate, 
thickenjed  toward  base,  the  dorsal  pair  as  long  as  prostomium,  the 
ventral  two-thirds  as  long. 
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Tentacular  cirri  very  much  crowded,  slightly  flattened,  very  short, 
the  longest  (dorsal  of  II)  about  four  times  length  of  prostomium  and 
reaching  VII,  the  shortest  (ventral  of  II)  about  twice  prostomium, 
the'remaining  two  subequal  and  about  two  and  one-half  times  prosto- 
mium. Peristomium  and  II  coalesced  and  scarcely  visible  from 
above.  There  may  be  a  minute  nuchal  tubercle,  but  this  is  uncertain. 
Pygidium  a  minute  ring  bearing  a  pair  of  short,  subulate  cirri. 

Notocirrophores  low  and  broad,  styles  rather  thick  and  easily 
detached,  in  this  specimen  carried  neariy  erect  over  the  parapodia; 
broadly  foliaceous,  neariy  uniform  in  size  and  shape  throughout, 
triangular  ovate,  about  three-fifths  aa  wide  as  long  with  roimded 
apex  and  oblique  but  not  auriculate  base,  the  markings  arranged 
bipinnately  from  a  centrai  axis. 

Neurocirri  foliaceous,  subquadrate  elliptical,  ali  free  surfaces 
evenly  rounded,  very  broadly  attached  to  venter  of  neuropodiimi 
and  carried  posterior  to  the  latter,  scarcely  reaching  beyond  end  of 
neuropodium. 

Aciculimi  single,  stout,  tapered,  straight.  SetsB  in  spreading, 
vertical  series,  colorless,  transparent,  rather  stout,  with  curved  stems 
rather  abruptly  enlarged  distally,  the  margins  of  the  socket  bearing 
a  single  series  of  rather  long  hairs.  Àppendages  short,  their  length 
not  exceeding  one-third  depth  of  parapodia,  very  delicate,  broad  at 
base  but  rapidly  tapering  to  a  tenuous  tip;  marginai  serrations  scarcely 
visible.    Six  supra-  and  ten  subacicular  setse  on  middle  parapodia. 

Color  pale  reddish-brown,  brightest  on  notocirri  and  anterior 
dorsum  of  body.    Female  with  immature  eggs. 

POLYNOID-ffl. 

Halosydna  pulohra  (Johnson). 

Polynoe  pulchra  Johnson,  Proc.  Cai.  Acad.  Sci.  (3),  Zoology,  I  (1897),  pp. 
177-179,  Pi.  VII,  figs.  34,  43a;  H.  Vili,  figs.  50-506. 

Three  specimens  occur  in  the  coUection,  two  certainly  from  the 
Monterey  Bay  region,  the  other  unlabeled  but  probably  from  the  same 
place.  Of  the  first  two  one  was  commensal  on  the  holothurian  Sticho- 
ptis,  the  other  on  Cryptochiton.  The  latter  is  a  fine  specimen  with 
milk-white  dytra  marked  with  a  small,  round,  clear-cut  black  spot 
over  the  area  of  attachment. 
Haloiydna  brevitetoia  Klnberg. 

Haloaydna   brevUetoaa   E 
(1855),  p.  385. 

Two  small  specimens  were  taken  at  San  Diego,  others  in  the  vicinity 
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1909.]  NATUEAL  SCIENCES   OF  PHILADELPHIA.  241 

of  Monterey  Bay,  at  "big  tide  pool,  Lighthouse  Point/'  on  June  28, 
1904,  and  at  "point  above  Third  Beach,"  on  July  12,  1904. 
Ali  of  the  specimens  are  dark  colored,  with  hea\'ily  mottled  elytra. 

Hsloiydna  ntioulata  (Johnaon). 

Polynoè  reticulata  JohnBon,  Proc.  Cai.  Acad.  Sci.  (3),  Zoology,  I,  pp.  170, 
171;  PI.  VII,  figs.  32-41a,  H.  VII,  figs.  47-476. 

Eleven  specimens  from  San  Diego  occur  in  the  eollection  and  only 
two  from  Monterey  Bay,  where  they  were  dredged  on  July  9,  1904. 

These  specimens  exhìbit  considerable  variation.  Some  are  almost 
pigmentless  and  of  a  nearly  unifonn  pale  yellow,  gray  or  brown; 
others  are  thickly  mottled  with  deep  brown  on  the  elytra  and  barred 
on  both  dorsal  and  ventral  surfaces  of  the  body.  Usually  a  brown 
spot  or  ring  is  present  on  the  elytra  over  the  point  of  attachment. 
The  elytra  diÉfer  greatly  in  the  degree  to  which  the  surface  is  roughened 
with  conical  projections  and  in  the  nnmber  of  marginai  cilia.  The 
latter  appear  to  be  gradually  lost  with  increased  age  and  size.  They 
are  plentif ul  on  the  elytra  of  small  specimens  and  on  newly  regenerated 
elytra,  fewer  on  those  of  medium  size  and  frequently  totally  absent 
from  larger  specimens,  as  is  the  case  with  the  two  from  Monterey  Bay. 
As  a  result  of  loss  and  regeneration  the  elytra  of  some  specimens  are 
of  very  unequal  size.  The  labels  give  no  information  conceming 
commensalism. 

Lepldonotni  oslorii  Moore. 

LepidonotuB  ccelorU  Moore,  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  pp.  412-414, 
ti.  XXIII,  fig.  12.  .  '  '  *' 

A  solitary  specimen  of  small  size  was  dredged  at  Delmonte  wharf, 
Monterey  Bay,  on  July  12,  1904. 

Lepldasthenis  gigai  (Johnson). 

Polynoè  gigas  Johnson,  Proc.  Cai.  Acad.  Sci.  (3),  Zoology,  I,  pp.  172-175; 
PI.  VII,  figs.  33,  426;  PI.  Vili,  figs.  48,  49. 

Three  examples  from  San  Diego.  One  has  the  parapodia  much 
entangled  with  Terebellid  tentacles  and  probably  came  from  the  tube 
of  the  AmphitrUe  with  which  Johnson  states  that  it  lives  commensally. 
Notopodial  setsB  are  more  usually  present  in  the  anterior  parapodia, 
and  the  first  parapodium  bears  a  single  seta  of  a  form  intermediate 
between  the  typical  notopodial  and  neuropodial  types. 

One  specimen  89  mm.  long  and  having  83  somites  has  the  elytra 
arranged  in  symmetrical  pairs,  except  on  somite  LXV,  which  bears 
the  right  one  only,  the  left  side  hearing  a  notocirrus;  there  are  39  pairs 
on  the  segments  numbered  2,  4,  5,  7,  9,  11,  13,  17,  19,  21,  25,  27,  28,  30, 
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31,  33,  35,  37,  39,  41,  43,  45,  47,  48,  52,  54,  55,  56,  58,  60,  61,  62,  66,  67, 

68,  69,  70,  71,  72. 

SIG-ALEONID^. 

Sthenelaii  faioa  Johnson. 

Sthenelaia  fusca  Johnson,  Proc.  Cai.  Acad.  Sci.  (3),  Zoology,  I,  pp.  185-186  ; 
PI.  IX,  figs.  60-616,  PI.  X,  figs.  64,  64^. 

Two  examples  from  San  Diego  and  one  from  Qiinatown  Point, 
August  12,  1904. 

One  specimen  is  110  mm.  long  with  172  pairs  of  elytra;  the  other  is 

about  the  same  size,  but  the  number  of  elytra  was  not  coimted.    The 

first  mentioned  has  a  caudal  regenerating  region  of  about  a  dozen 

segmento,  so  that  it  is  probable  that  the  species  reached  a  considerably 

larger  size  than  the  originai  description  indicated.    The  first  pair  of 

elytra  is  pale  and  without  markings,  the  others  are  of  a  darker  brown, 

thickly  and  finely  mottled  with  a  reticular  pattern  of  black.    The 

pygidium,  which  was  not  described  by  Johnson,  beare  a  pair  of  subanal 

cirri  about  ^  long  as  the  last  six  or  seven  segments  and  of  slender, 

tapered  form.    The  distai  papillae  of  both  rami  of  the  parapodia  are 

frequently  more  numerous  than  indicated  in  Johnson 's  figure. 

Feisidioe  aipera  Johnion. 

Peisidice  aspera  Johnson,"  Proc.  Cai.  Acad.  Sci.  (3),  (ZooL),  Voi.  I,  pp.  184, 
185;  PI.  IX,  figs.  56-59;  PI.  X,  figs.  63a-^. 

A  single  specimen  with  twenty-one  pairs  of  elytra,  dredged  at  Dei- 
monte  wharf,  vicinity  of  Monterey  Bay,  on  July  12,  1904,  represents 
this  species  in  the  coUoction. 

AMPHINOMID^. 
Enrythoe  oslifoniioa  Johnson. 

Eurytkoè  calijomica  Johnson,  Proc.  Calif.  Acad.  Sci.  (3),  Zoology,  I,  pp.  184, 
185;  PI.  IX,  figs.  56-59,  PI.  X,  figs.  63-63rf. 

This  species  is  represented  in  the  coUection  by  about  a  dozen  speci- 
mens  from  San  Diego  and  a  single  one  from  Monterey  Bay,  collected 
on  July  12,  1904,  from  the  "point  above  Third  Beach." 

Johnson  gives  no  account  of  the  proboscis,  and  as  one  of  the 
specimens  has  it  protruded  the  foUowing  brief  description  is  added. 
It  is  about  3  mm.  long  and  1.8  mm.  in  diameter,  subcylindrical,  but 
slightly  compressed  and  slightly  wider  distally  than  at  the  base.  It 
terminates  in  a  firm  elliptical  disk,  with  a  vertical  sUt  open  ventrally 
and  a  centrai  depression  in  which  the  mouth  lies;  surrounding  this 
disk  is  a  low  annular  fold.  The  cuticle  is  everywhere  smooth,  without 
papillae,  jaws  or  teeth  of  any  kind. 
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HESIONIDiB. 

Fodarke  pngetteniii  Johnton. 

Podarke  pugettensis  Johnson,  Proc.  Boa.  Soc.  Nat.  Hist.,  XXIX  (1901), 
pp.  397,  398;  PI.  3,  figs.  23-25. 

About  fifty  specimens  coUected  at  San  Diego  are  stated  to  bave 
been  "parasitic  on  starfish." 

The  occurrence  of  this  species  on  a  starfisb  (Luidia)  in  the  vicinity 
of  Fort  Townsend  has  been  already  reported  in  these  Proceedings  for 
1908  and  it  seems  probable  that  this  habit  is  general.  The  reference 
by  Hamngton  and  Griffin  in  their  paper  on  Piiget  Sound  Inverte- 
brates  to  "the  curious  Ophiodromus,  an  annelid  that  lives  between 
the  arms  of  the  starfish  [Asterias]  and  is  colored  so  as  to  resemble  the 
surface  of  the  latter,"  probably  relates  to  this  species. 

The  appendages  of  some  of  the  dorsalmost  seta?  of  the  subacicular 
fasciole  and  the  ventralmost  of  the  supra-acicular  fasciole  are  much 
longer  and  more  slender  than  the  others. 

NBPHTHYDID.aj. 
KephthsTf  0908  (Fabrlcius)  Oersted. 

Nereis  caca,  Fabrlcius,  Fauna  Groenlandica,  1780,  p.  304. 

This  species  is  represented  by  six  large  specimens  from  the  vicinity 
of  Monterey  Bay  and  by  about  twenty  from  San  Diego,  where  it  appears 
to  be  conmion  and  was  taken  from  the  littoral  zone  and  down  to  a 
depth  of  fifty  feet. 

The  San  Diego  examples  are  of  small  to  medium  size  and  colorless 
or  slightly  marked  with  brown  figures  and  bands  on  the  prostomium 
and  a  few  anterior  segmenta.  The  setse  of  some  specimens  are  long, 
of  others  short  and  one  of  the  latter  is  filled  with  nearly  mature  ova. 

Those  from  Monterey  Bay  are  much  larger,  measuring  about  180 
mm.  in  length  and  one  counted  ha\àng  152  segmenta.  Three  of  them 
are  very  smooth  and  colorless,  except  that  there  is  a  brown  or  black 
"spread-eagle"  figure  on  the  prostomium  and  crossbars  on  a  few  an- 
terior segmenta.  The  others  bave  the  body  of  a  deep  purplish  brown 
both  dorsally  and  ventrally,  the  parapodia  colorless. 

The  free  margins  of  the  prostomium  are  thin  and  produced.  The 
serrated  setae  form  long  flowing  tufts,  dusky  at  the  base,  as  long  as 
the  parapodia  or  nearly  equal  to  the  body  width.  The  annulated 
setae  are  short  and  small,  except  on  anterior  parapodia.  Several 
specimens  bave  the  single  caudal  cirrus  intact. 

The  extended  proboscis  is  rather  slender  davate  with  ten  bifid 
orifical  papillse  above  and  ten  below  and  twenty-two  longitudinal 
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rows  of  conical  papillae  of  usually  five  each,  the  unpaired  dorsal  and 
ventral  papillse  being  no  larger  than  the  others. 

No  characters  distmguishing  these  speeimens  from  examples  of  the 
species  from  the  Atlantic  Ocean  are  obvious. 

NBREIDiE. 
Hereia  prooera  Ehlen. 

Nereis  procera  Ehlers,  Die  Borstenwtirmer,  1868,  pp.  557-559;  Taf.  XXIII, 
fig.  2. 

Ten  speeimens  were  taken  in  the  vicinity  of  Monterey  Bay,  two 
hearing  each  of  the  foUowing  labels:  Point  about  Third  Beach;  Big 
tide  pool,  Lighthouse  Point,  June  20,  1905,  and  June  28.  1904;  dredged 
Jiily  9, 1904,  and  dredged  Delmonte  wharf ,  July  12, 1904.  Of  the  three 
from  San  Diego  one  is  3  mm.  in  diameter  and  filled  with  large  eggs. 
The  parapodia  and  other  parts  exhibit  no  epitokous  modification. 

Hereia  (Alitta)  vezilloaa  Grabe. 

Nereis  vexUlosa  Grube,  in  Middendorff,  Reise  in  Siberiens,  et  e,  II,  1851, 
p.  4;  Taf.  II,  figs.  1,  5,  6. 

Taken  at  San  Diego  only;  14  small  atokes  and  one  small  female 
epitoke.  The  largest  of  the  atokes  is  50  nmi.  long,  and  ali  of  them  bave 
the  notocirral  laminse  much  less  developed  than  on  larger  speeimens. 
One  exserted  proboscis  has  paragnaths  arranged  as  f ollows  :  I,  three 
in  a  longitudinal  series;  II,  tapering  arcuate  groups  of  three  rows  of 
small  cones  ;  III,  trans  verse  band  in  three  rows  ;  IV,  wider  curved  band, 
broader  behind;  V,  absent;  VI,  four  large  cones  in  lozenge-shaped 
figure;  VII  and  Vili,  broad  transverse  band  encircling  ventral  and 
lateral  portion  of  basai  ring,  a  tract  of  very  small  paragnaths  in  front 
of  ventral  part. 

The  epitoke  is  filled  with  large  eggs.  The  parapodia  agree  with 
Johnson 's  figure,  but  the  setae  are  arranged  somewhat  dififerently. 
Those  of  the  dorsal  rami  are  ali  of  the  "fish-bone"  type,  the  stout 
compoimd  setse  belonging  to  the  dorsal  supra-acicular  fascicle  of  the 
neuropodium.  The  paragnaths  exhibit  several  peculiarities;  their 
number  is  generally  reduced,  those  of  VI  are  coalesced  into  a  single 
large  one  on  each  side;  V  is  present  as  a  single  cone. 
HereiB  (Alitta)  vìrena  plenidentata  subsp.  nov. 

Under  this  name  I  am  recording  provisionally  a  species  of  Alitta 
that  appears  to  be  quite  common  on  the  sand-bars  in  San  Diego  Bay. 
The  northern  Pacific  species,  which  is  found  from  Ochotsk  Sea  and 
Alaska  south  nearly  to  San  Francisco,  seems  to  diflfer  from  Atlantic 
examples  of  A.  virens  in  severa!  respects,  and  particularly  in  having 
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more  numerous  paragnaths  and  a  greater  number  of  segmenta.  Prob- 
ably  it  must  he  considered  to  be  at  least  a  subspecies  under  the  name 
of  brandti  Malmgren. 

These  specimens  from  southern  California  exhibit  more  extreme 
divergence  in  the  same  direction.  Like  both  of  the  forms  mentioned 
the  paragnaths  are  reduced  in  niunber  with  age  and  increased  size, 
but  compared  with  specimens  of  the  same  size  they  are  very  much 
more  numerous.  For  example  a  specimen  150  mm.  long  and  8  mm. 
Wide  between  the  tips  of  the  parapodia  and  having  218  segments*  has 
the  hard,  black,  strictly  conical  paragnaths  arranged  as  foUows:  I, 
3  in  tandem;  II,  small  groups  of  7-9  in  two  oblique  rows;  III,  broad 
dense,  transverse  band  of  small  cones  chiefly  arranged  in  longitudinal 
or  somewhat  oblique  lines  of  six  or  seven  each,  with  numerous  shorter 
lines  and  small  groups  uniting  them  anteriorly;  IV,  dense,  somewhat 
arched,  dimtibbell-shaped  groups  of  small  cones,  from  three  to  five 
across  and  tending  to  coalesce  at  their  posterior  ends  with  the  lateral 
borders  of  III;  V,  a  diffuse  subcircular  area  spreading  laterally  to 
the  level  of  VI  and  with  a  median  row  of  f  our  large  paragnaths  reaching 
anteriorly  beyond  the  others  ;  VI,  a  compact  group  of  f our  or  j&ve  large 
cones  forming  a  lozenge-shaped  figure;  VI  and  VII  coalesced  and 
forming  a  broad  zone  encircling  the  basai  ring  of  the  proboscis  below 
the  level  of  VI  and  nearly  joining  V  above,  the  numerous  cones  (from 
six  to  ten  in  the  width  of  the  band)  increasing  in  size  and  becoming 
more  distant  anteriorly  and  dorsally. 

The  tentacles  are  also  longer  and  most  of  the  specimens  are  note- 
worthy  for  the  deep  brown  pigment  deposited  in  the  lamellar  noto- 
cirrophores. 

The  relations  of  this  f orm  to  N,  virens  and  brandti  will  be  discussed 
fuUy  at  another  time,  when  I  hope  to  have  for  comparison  specimens 
from  other  parts  of  the  California  coast. 

N,  follata  Baird  evidently  applies  to  the  northern  form  ;  N,  chUensis 

Ehlers  {^Thoosa  Gayi  Kinberg)  is  not  at  present  recognizable,  and 

there  appears  to  be  no  name  for  this  southern  form. 

Hereia  (Platynereis)  agataisi  Ehlers. 

Nereis  agassizi  Ehlers,  Die  Borstenwiirmer,  1868,  pp.  542-546;  Taf.  XXIII, 
fig.  1. 

A  few  small  specimens  were  taken  at  San  Diego  and  two  at  Monterey 
Bay,  one  of  the  latter  dredged  and  one  between  tides  at  the  '^point 
above  Third  Beach." 

^  A  specimen  of  N.  virens  from  New  Jersey  of  the  same  size  has  130  segments. 
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The  San  Diego  specimens  are  noteworthy  for  the  very  conspicuous 
notopodial  spots  and  in  one  case  for  the  equally  conspicuous  spots  on 
the  pygidium.  The  example  dredged  at  Monterey  is  filled  with  small 
eggs  and  has  the  eyes  enlarged,  but  is  not  otherwise  modified. 

BITNIOIDiE. 
Euiioe  (Eriphyle)  paloloidea  sp.  nov.  (Piate  VII,  flgs.  5-7). 

The  type  of  this  species  is  a  nearly  complete  worm  closely  related 
to  the  celebrated  "paiolo"  {Eunice  viridis)  which  it  resembles  in 
form.  It  consista  of  a  thicker  anterior  non-sexual  region  of  about 
200  segmenta  and  a  slender  posterior  sexual  region  of  more  than  550 
segmenta.  Owing  to  the  softening  of  a  portion  of  the  worm  the  exact 
point  of  transition  cannot  be  determined  and  accurate  measurements 
cannot  be  given.  The  size  and  proportions,  however,  closely  approxi- 
mate  those  of  E.  viridis, 

Prostomium  (somewhat  distorted  by  protrusion  of  the  jaws)  about 
twice  as  Wide  as  long,  broadening  anteriorly  where  it  is  divided  into 
two  short,  wide,  broadly  rounded  lobes  by  a  shallow  emargination 
which  continues  caudad  as  a  dorso-median  furrow;  a  trans  verse  fur- 
row  passes  across  the  posterior  ventral  part  of  each  of  these  frontal 
lobes.  Five  tentacles  arranged  in  a  neariy  straight  transverse  line, 
the  middle  one  being  slightly  behind  the  others  and  in  contact  with  the 
nuchal  fold.  Middle  one  slightly  the  longest  (1^  times  length  of 
prostomium),  the  lateral  shortest  and  separated  from  the  second  pair 
by  a  wider  space  than  separates  the  latter  from  the  median.  Ali 
regularly  tapered  and  transversely  wrinkled,  but  not  beaded  or  articu- 
lated.  Eyes  conspicuous,  with  large  lenses,  situated  between  the 
outer  and  inner  paired  tentacles  dose  to  base  of  latter.  On  one  side 
a  rather  conspicuous  pigment  spot  lies  just  anterior  and  external  to 
the  lateral  tentacle. 

Peristomium  a  slightly  swollen  naked  ring  considerably  longer  than 
the  prostomium  and  forming  a  distinct  nuchal  fold  dorsally,  but  little 
swollen  laterally.  Somite  II  is  a  short,  simple,  apodous  ring  hearing, 
dose  to  the  anterior  border,  and  on  a  level  with  the  lateral  tentacles, 
a  pair  of  short  conical  nuchal  cirri  slightly  longer  than  the  s^ment. 

Segments  of  anterior  region  very  short,  flattened  and  concave 
below,  at  first  strongly  arched  above  but  gradually  becoming  flatter 
and  more  depressed.  Owing  to  the  poor  preservation  of  the  segments 
f  oUowing  ce  it  is  not  possible  to  determine  at  just  what  point  the  epi- 
tokous  sexual  region  separates,  but  a  marked  softening  of  the  tissues 
and  the  enlarged  size  of  the  neural  eye-spots  (phototactic  organs)  on 
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subsequent  segmenta  indicatés  that  it  probably  oecurs  at  CCX,  though 
eye-spots  of  smaller  size  appear  abruptly  at  CLIL 

The  epitokous  region  is  very  slender,  subterete  or  slightly  depresseci, 
with  a  well-defined  neural  groove  and  distinct  furrows  separating 
segments  generally  about  three  times  as  wide  as  long.  Surrounding 
eaeh  segment  in  the  parapodial  zone  is  a  raised  glandolar  band,  some- 
times  single  but  oftener  formed  of  two  lines.  Posteriorly  the  body 
tapers  and  is  composed  of  numerous  very  small  segments — evidently 
a  rapidly  proliferating  region.  The  ventral  eye-spots  form  a  neural 
series  of  usually  two  spots  to  each  segment:  one  on  the  glandolar 
girdle,  the  other  at  the  intersegmental  furrow,  sometimes  one,  some- 
times  the  other  being  larger  and  frequently  one  or  both  subdivided. 

Pygidiiun  tubnlar  and  somewhat  elongated,  obliquely  truncated 
with  the  small  anus  facing  dorsad;  posterior  to  anus  two  pairs  of 
conical  caudal  cirri,  of  which  the  dorsal  pair  is  about  as  long  as  the 
diameter  of  the  pygidium  and  nearly  three  times  the  ventral. 

Parapodia  uniramal.  Typical  parapodia  of  the  anterior  region 
consist  of  a  short,  broad,  truncate  neuropodium,  bearing  a  low  post- 
setal  fold  behind  the  compound  setse  and  a  small  presetal  lobe  in  front 
of  the  simple  setse.  The  simple  notocirrus  springs  without  a  cirro- 
phore  from  above  the  neuropodium  and  is  a  bent,  slightly  tapered 
blunt  process  reaching  a  short  distance  beyond  the  distai  end  of  the 
foot.  Neurocirrus  consists  of  a  low  glandular  elliptical  cirrophore 
adnate  to  the  side  of  the  segment  ventral  to  the  parapodium  and 
bearing  a  small,  blunt,  cylindroid  or  conical  style.  Farther  back  ali 
parts  and  particularly  the  cirri  are  gradually  reduced  in  size.  The 
first  parapodium  (on  III)  has  the  setigerous  lobe  rudimentary,  bearing 
only  two  or  three  setse,  and  consists  chiefly  of  a  simple  notocirrus  and 
neurocirrus  nearly  in  contact,  the  former  shorter  and  stouter,  the 
latter  about  twice  as  long,  more  slender,  obscurely  articulated  and 
more  or  less  bent  into  a  bow.  Several  succeeding  parapodia  are 
transitional  to  the  typical  form,  springing  from  a  gradually  rising  level, 
the  neuropodium  gradually  increasing  in  size  and  the  cirri  becoming 
smaller.  In  the  epitokous  region  the  entire  foot  is  much  smaller,  the 
neuropodium  a  conical  process  whose  outlines  pass  intb  the  dorsal  and 
ventral  curvatures  of  the  segments,  the  notocirrus  a  minute  conical 
process  above  the  foot  and  at  the  base  of  the  gill,  and  a  similarly  formed 
neurocirrus  arising  from  a  thick  glandular  ventral  area  or  cirrophore. 

Gills  appear  as  a  pair  of  minute  papill»  on  the  mediai  side  of  the 
base  of  the  notocirri  of  CVII  and  increase  in  length  gradually  until 
they  become  slender  tapering  filaments  having  a  length  of  one-half 
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to  one-third  the  body  width,  the  longest  ones  in  the  neighborhood 
of  somite  ce  reaching  easily  beyond  the  middle  line;  in  the  posterior 
region  they  continue  nearly  to  the  pygidium  and  as  far  as  the  last 
one  hundred  segments  reach  to  the  median  line. 

Acicula  anteriorly  are  three  or  four,  stout,  tapered,  chiefly  very  dark 
brown,  the  dark  tips  exposed,  blunt,  somewhat  oblique  but  not  knobbed. 
Posteriorly  there  are  but  two  and  finally  one,  and  except  that  they 
become  more  slender  there  is  no  change  in  f  orm. 

Set»  are  of  two  forme:  simple  supra-acìcular  and  compound  sub- 
acicular.  No  pectinate  set©  are  visible  in  any  of  the  preparations. 
Simple  setse  have  long,  slender  shafts,  dark  colored  toward  the  base, 
but  pale  distally;  they  project  prominently,  the  ends  being  slightly 
doubly  curved  and  gently  tapered  to  very  slender  acute  tips  with  a 
faint  marginai  fringe  but  no  distinct  limbus.  Somite  III  bears  only 
three  or  four  simple  setse,  the  number  increasing  to  about  twenty  on 
X.  Behind  C  the  number  again  diminishes,  but  the  setae  become  first 
longer,  then  very  few  and  of  small  size  on  the  caudal  segmenta.  Com- 
pound set»  (PI.  VII,  fig.  5)  are  enlarged  toward  the  distai  ends  of  the 
shaft  which  bears  a  few  small  marginai  teeth,  the  appendale  broad, 
bidentate  and  slightly  hooked  distally  and  provided  with  a  fringed 
guard,  its  length  one  and  one-half  times  width  of  enlarged  end  of 
shaft  and  remarkably  uniform  on  ali  parapodia.  They  are  absent 
from  III  and  numerous  by  X,  on  which  they  form  rows  extending 
anterior  to  and  below  the  acicula,  Farther  back  they  undergo  changes 
similar  to  those  afifecting  the  simple  set». 

Mandibles  (PI.  VII,  fig.  6)  large,  very  hard,  the  horny  carriers 
yellowish  with  dark  lines,  very  thick  and  firm,  with  an  angular  ridge 
running  the  entire  length.  Jaw  platee  very  large,  white,  calcareous, 
of  stony  hardness,  each  piate  bent  nearly  into  a  semicircle  at  the  free 
margin  which  is  faintly  denticulated,  the  dorso-lateral  angle  freely 
projecting.  Maxill»  (PI.  VII,  fig.  7)  deep  brown,  hard.  Carriers  of 
forceps  jaws  broad  with  lateral  emarginations  and  the  two  halves 
closely  united  except  at  the  caudal  end;  forceps  with  broad  bases 
marked  by  three  longitudinal  ridges,  no  masticatory  teeth  and  short, 
strongly  hooked  ends.  Second  pair  (II)  massive  with  four  stout  teeth 
on  the  left  and  three  and  a  rudimentary  fourth  on  the  right  side. 
Three  accessory  jaws  (III,  IV,  V)  each  with  a  single  tooth  on  the 
left  side  arranged  in  a  semicircle  and  two,  one  with  two  teeth,  the 
other  with  a  single  tooth,  on  the  right  side. 

Color  of  anterior  ^nd  deep,  iridescent  purple,  posterior  reproductive 
region  of  male  pale  brown,  of  female  greenish  drab  with  white  rings. 
Ventral  phototactic  organs  brown. 
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Collected  by  Prof.  E.  C.  Starks  at  San  Diego,  Cd.  Besides  the 
neaiiy  complete  type  there  is  a  fragment  of  the  reproductive  region 
of  a  male  and  one  of  a  female,  both  fuUy  mature  and  probably  nearly 
ready  to  separate  and  swarm. 

The  occurrence  of  a  Eunice  with  the  habits  of  a  "paiolo"  worm  on 
the  California  coast  is  of  much  interest,  and  it  is  to  be  hoped  that 
some  zoologist  on  the  ground  will  determine  its  life-history  and  es- 
pecially  the  habits  of  swarming  and  if  possible  the  conditions  afifecting 
it.  While  the  species  is  closely  related  to  Eunice  viridis  and  E. 
siciliensis  it  is  readily  enough  distinguished  from  both. 

Eviiioe  biannnlata  Moore. 

Eunice  biannulaia  Moore,  Proc.  Acad.  Nat.  Sci.  Phila.,  1904,  pp.  487-490; 
PI.  XXXVII,  figs.  10-18;  Piate  XXXVIII,  fig.  42. 

San  Diego,  type  and  cot3rpe  only. 
Marphyia  stylobranohiata  sp.  nov.  (Piate  VII,  figs.  8-12). 

Form  moderately  stout.  Length  about  100  nun.,  the  longest  110 
mm.  long  and  4.5  mm.  in  maximum  width  at  about  XXX.  Number 
of  segments  142-160. 

Prostomium  about  one-half  as  wide  as  long,  divided  anteriorly 
into  two  broadly  rounded  prominent  entire  lobes  which  exhibit  no 
ventral  furrow  or  swelling.  Tentacles  five,  smooth,  short,  thick, 
sausage-shaped,  arranged  in  a  slightly  curved  row  near  the  posterior 
end  of  the  prostomium;  middle  one  longest,  nearly  equal  to  length  of 
prostomium,  the  outer  pair  shortest,  about  two-thirds  length  of  middle 
tentaele.  Eyes  small,  behind  interval  between  outer  and  middle  ten- 
tacles, or  absent. 

Peristomium  about  three  times  as  long  as  first  setigerous  segment, 
perfectly  naked,  divided  into  two  rings  probably  representing  seg- 
ments, the  posterior  slightly  more  than  one-half  anterior,  from  which 
it  is  separated  by  a  continuous  faint  groove.  Laterally  the  anterior 
ring  projects  somewhat  forward  and  is  united  with  the  sides  of  the 
prostomium,  thus  concealing  a  small  internai  or  mandibular  lobe. 
Remaining  segments  well  defined  by  deep  furrows,  ali  short,  strictly 
uniannular,  generally  one-sixth  to  one-eighth  as  long  as  wide,  To 
about  somite  VIII  the  body  is  quite  terete,  but  soon  becomes  wider 
than  deep,  the  ratio  in  the  middle  region  being  about  as  five  to  three. 
Posteriorly  the  body  tapers,  first  gently,  then  rapidly,  to  the  pygidium, 
which  is  short,  annular,  radially  furrowed  or  rosetted  and  bears  a  pair 
of  rather  stout,  tapering  ventral  cirri  as  long  as  the  last  five  or  six 
segments  and  below  these  a  second  pair  of  minute  cirri. 
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Parapodia  strictly  uniramous,  lateral,  the  first  five  or  six  more 
ventral  than  the  others.  Neuropodium  short,  stout,  hearing  a  fleshy 
post-acicular  lobe  on  anterior  parapodia  which  disappears  on  middle 
and  posterior  ones.  Anterior  to  this  is  a  row  of  conspicuous  black 
acicula  and  a  rather  complex  group  of  setse.  Notocirrus  of  first 
parapodium  (III)  rather  stout,  conical,  tapering,  simple,  free  from 
but  immediately  above  foot  and  about  twice  as  long  as  the  latter; 
thence  becoming  gradually  smaller  caudad  and  in  branchial  region 
reduced  to  a  mere  tubercle,  but  increasing  in  length  again  posteriorly. 
Neurocirrus  coalesced  with  base  of  neuropodium,  consisting  of  a  stout, 
swollen  cirrophore  and  a  short,  thick,  cylindroid,  imperfectly  dififeren- 
tiated  style;  farther  back  the  cirrophore  merges  more  into  the  body 
outline  and  the  style  becomes  more  slender  but  is  otherwise  unaltered. 

Gills  simple;  tapering  filaments  tbroughout.  The  first  appears  as  a 
minute  papilla  on  the  notocirrus  of  XVI  to  XX,  but  they  are  usually 
not  developed  into  eflScient  gills  for  several  segments.  At  XXI  or 
XXII  they  are  usually  as  long  as  the  notocirrus;  in  the  middle  region 
they  reach  the  middle  line  and  posteriorly  gradually  diminish  in  size 
and  finally  disappear  about  twenty  segments  anterior  to  the  pygidium. 

Acicula  three  to  five  anteriorly,  simple,  tapered,  black,  with  pale 
tips  little  or  not  at  ali  exposed.  They  become  gradually  longer, 
constantly  three  in  number,  conspicuous  with  prominently  projecting 
bluntly-pointed  tips  which  are  alwa3rs  pale  with  black  cores.  Some- 
where  between  XX  and  XXX  and  on  following  segments  an  especially 
large  one  diverges  from  the  others  and  protrudes  from  the  surface 
between  the  neurocirrus  and  the  compound  setse. 

Setae  ali  nearly  or  quite  colorless,  of  three  forms  :  two  forms  of  simple 
setfiB  in  supra-post-acicular  fascicles  and  compound  setae  in  sub-pre- 
acicular  fascicles.  Compound  setse  (PI.  VII,  fig.  10)  numerous,  es- 
pecially anteriorly  where  they  occur  in  several  rows  anterior  as  wcll 
as  ventral  to  the  acicula;  farther  back  they  become  fewer  and  are 
confined  to  the  ventral  group.  The  stems  are  gently  curved  and 
very  little  thickened  distally;  the  appendages  very  uniformly  of  a 
length  about  four  times  the  distai  diameter  of  the  stem  with  obscurely 
hooked  bidentate  tips  and  a  finely  fringed  border  separating  at  the 
tip  into  the  usuai  guard.  The  fascicles  of  simple  setae  consist  chiefly 
of  curved,  capillary,  sUghtly  limbate  or  at  least  flattened  setae  (PI. 
VII,  fig.  8)  considerably  longer  than  the  compound  setae.  Concealed 
among  the  bases  of  the  latter  on  the  acicular  side  of  the  fascicle  is  a 
group  of  very  delicate  gouge-shaped,  pectinate  setae  (PI.  VII,  fig.  9), 
very  few  anteriorly,  more  numerous  farther  back  and  apparently  ali 
of  one  form. 
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Jaws  of  somewhat  soft  and  flexible  brown  chitinoid  material,  the 
teeth  somewhat  whitened  and  hardened  by  a  calcareous  deposit. 
Mandibles  (PI.  VII,  fig.  11)  consisting  of  long,  slender,  strongly  diver- 
gent  carriera,  firmly  united  anterioriy  and  hearing  white,  hard,  cal- 
careous, subovate  distai  plates  with  smooth  and  entire  margins.  For- 
ceps  jaws  (PI.  VII,  fig.  12)  massive,  wìth  an  undivided,  shield-shaped 
base  about  three-fifths  as  wide  as  long,  truncate  distally,  pointed 
behind;  the  forceps  stout  with  strongly  ridged  but  toothless  bases  and 
hooked  tips  flattened  and  angulated  along  the  concavity.  Second 
pair  of  maxillse  (II)  also  massive,  the  left  one  with  three,  the  right 
with  four  stout  teeth.  Maxillse  (III)  consist  of  a  pair  of  crescentic 
plates  hearing  ridges  with  five  teeth  on  the  left,  six  on  the  right  side; 
IV  beare  three  or  four  stout  teeth  on  the  left  side  and  a  low  edentulous 
ridge  on  the  right  side;  V  is  represented  on  the  left  side  only  and  is 
similar  to  the  right  IV. 

Color  in  life  unknown,  but  probably  pale  reddish  like  other  species 
of  the  gems. 

Known  only  from  the  vicinity  of  Monterey  Bay;  "big  tide  pool, 
June  20, 1905,"  E.  C.  Starks. 

Xarphyaa  cali  fornica  sp.  nov.  (Plates  VII  and  vili,  flgs.  13-20). 

This  species  is  based  upon  the  anterior  ends  of  two  specimens,  one 
(type)  very  large,  measuring  11  nrni.  wide  and  80  nun.  long  for  92 
segments,  the  other,  consisting  of  140  segments,  45  mm.  long  and  3 
mm.  wide.    Both  are  much  contracted. 

Prostomium  retracted  beneath  nuchal  collar  as  far  as  base  of  ten- 
tacles,  the  exposed  portion  nearly  as  wide  as  long  and  consisting 
chiefly  of  the  pair  of  broadly  ovate  frontal  lobes  divided  by  a  median 
furrow  that  reaches  nearly  to  the  median  tentacle,  but  with  no  trace 
of  a  ventral  transverae  furrow.  Tentacles  five,  arising  along  a  trans- 
verae  curved  line,  median  and  outer  pair  subequal,  the  inner  pair 
slightly  longer  and  about  equal  to  one  and  one-half  times  the  width 
of  the  prostomium.  They  are  longer  and  more  slender  than  those 
of  M,  stylobranchiaia  and  taper  regularly  to  the  end,  being  marked  by 
irregular,  more  or  less  conspicuous  transverae  wrinkles  for  the  entire 
length.  Eyes  one  pair,  inconspicuous  and  small,  behind  and  external 
to  the  base  of  the  inner  paired  tentacles. 

Peristomium  large,  terete,  swollen  and  furrowed  laterally  where 
it  is  more  than  three  times  as  long  as  somite  II,  which  is  simple  and 
apodous  and  about  as  long  as  the  succeeding  podous  segments.  No 
nuchal  cirri.  Remaining  segments  foot-bearing,  the  firat  five  or  six 
terete  and  narrow,  after  which  they  become  \\ider  and  more  depressed 
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but  not  longer,  those  of  the  anterior  branchia!  region  being  ten  to 
twelve  times  as  wide  as  long,  decidedly  depressed  and  equally  convex 
dorsally  and  ventrally.  The  smaller  specimen  is  widest  at  about  the 
posterior  end  of  the  anterior  f  ourth  and  tapers  thence  caudad.  Caudal 
end  and  pygidium  unknown. 

Parapodia  begin  on  II  at  a  low  level  and  gradually  rise  to  about  XV, 
where  they  occupy  about  a  middle  level.  First  four  small,  the  others 
of  normal  proportions  and  diflfering  in  no  essential  from  those  of  M, 
stylobranchiatay  although  the  postsetal  lobe  is  relatively  broader  (that 
of  IV  is  abnormally  bifid). 

Gills  when  fully  developed  pectinate,  consisting  of  a  short  basai 
stem  bearing  from  four  to  six  slender,  tapering,  cross-wrinkled,  crowded 
filaments  not  exceeding  a  length  of  one-fifth  of  the  body  width  and 
none  of  which  reaches  the  median  line.  On  the  type  they  begin  at 
XXXIII  on  the  left  side  with  two  filaments  and  at  XXXIV  on  the 
right  side  with  two  filaments;  three  filaments  occur  on  each  side  of 
XXXVI;  for  the  next  fifteen  segments  four  is  the  usuai  number  of 
filaments;  between  LV  and  LXV  five  is  more  frequent  and  thence  to 
LXXXV  or  LXXXVI  the  maximum  number  of  five  or  six  or  rarely 
even  seven  occurs  ;  behind  this  to  the  end  of  the  piece  ali  gills  are  quin- 
quefid.  On  the  smaller  specimen  the  gills  begin  farther  forward  and 
are  much  simpler.  From  XX  or  XXI  to  XXV  they  are  simple,  to 
XLIV  and  LI  bifid,  thence  to  about  XC  mostly  trifid,  then  again  bifid 
to  CXXIV,  and  after  that  to  the  end  of  the  piece  they  consist  of  a  single 
filament. 

Neuropodial  acicula  are  simple,  straight,  tapered,  blunt-pointed 
spikes,  black  or  nearly  black  to  the  tips.  On  anterior  parapodia  there 
are  four  to  six,  ^nth  the  tips  little  or  not  at  ali  exposed  and  arranged 
in  an  oblique  series  between  the  two  tufts  of  setae.  Farther  back 
on  middle  segments  there  are  only  three  much  stouter  acicula,  the 
nearly  black  tips  of  which  are  conspicuously  exposed.  The  cotype 
has  only  two  of  the  spinelike  acicula  on  middle  parapodia  and  in 
addition  a  pale,  more  slender,  bifid  and  hooded  ventral  crochet  (PI. 
VII,  fig.  16),  which  is  missing  in  ali  of  the  preparations  made  from  the 
type. 

Setae  generally  more  prolonged  than  those  of  M.  stylobranchiata, 
Post-supra-acicular  tuft  very  dense  on  anterior  segments,  consisting 
of  numerous  curv'cd,  tapering  alimbate  setae  (PI.  VII,  fig.  13),  the 
dorsal  ones  longer,  more  slender  and  colorless,  the  ventral  shorter, 
stouter  and  yellow.  On  these  segments  the  pectinate  setae  are  few 
and  difficult  to  see  and  bear  numerous  fine  teeth  (PI.  VII,  fig.  14a). 
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Farther  back  the  slender  setse  become  fewer  and  the  pectinate  setae 
of  two  forms,  the  one  like  those  on  anterior  segments,  the  other  (fig. 
146)  with  few  coarse  teeth.  Compound  setse  have  the  distai  end  of 
the  stems  somewhat  coarsely  toothed  and  the  appendages  very  long, 
slender  and  tapered,  with  scarcely  visible  marginai  denticulation 
(PI.  VII,  fig.  15)  ;  more  dorsal  appendages  are  fuUy  twice  as  long  as 
the  most  ventral  and  ali  appendages  become  longer  caudad. 

Jaws  deep  brown,  moderately  hard  but  generally  less  massive  than 
those  of  Af .  stylobranchiata,  Mandibles  (PI.  VII,  figs.  17,  18)  of  two 
sides  only  slightly  united,  the  carriera  moderately  divergent,  long, 
regularly  tapered  and  rather  rough;  calcified  end-plates  small,  irregu- 
larly  elliptical  and  coaraely  toothed  on  the  margin.  Forceps  jaws 
(PI.  Vili,  figs.  19,  20)  with  carriers  of  incompletely  united  halves, 
quite  as  wide  as  long,  broad  and  truncated  at  both  ends  and  with  a 
deep  lateral  notch  about  the  middle  of  each  side.  The  forceps  have 
broad,  strongly  ridged  hinge  bases  and  edentulous  masticatory  plates, 
the  distai  part  being  comparatively  slender  and  not  strongly  hooked. 
The  second  pair  of  maxillse  (II)  are  large  and  nearly  symmetrical, 
each  bearing  four  or  five  large,  stout,  hooked  teeth.  The  next  piate 
(III)  is  curved  and  much  larger  on  the  right,  on  which  it  beare  seven 
or  eight  blunt  conica!  teeth,  than  on  the  left  side  which  beare  six. 
In  addition  the  right  side  beare  a  single  small  jaw,  consisting  of  two 
thin  plates  meeting  in  a  thickened  ridge  (IV).  On  the  left  side  is  a 
similar  but  smaller  lateral  jaw  (V)  and  an  internai  curved  piate  bearing 
about  six  marginai  teeth  (IV) . 

Color  anteriorly  dull  reddish  purple  marked  with  numerous  small 
white  spots,  the  cuticle  with  a  greenish  iridescence.  Posteriorly  the 
color  is  grayish  with  a  pink  tinge. 

Type  locality  San  Diego;  E.  C.  Starks,  coUector. 

ONUPHIDiB. 
Diopatra  oalifornioa  Moore. 

Diopalra  californica  Moore,  Proc.  Acad.  Nat.  Sci.  Phila.,  1904,  pp.  484-487  : 
PI.  XXXVII,  figs.  1-9. 

San  Diego,  six  specimens,  including  the  type  and  cotype,  taken  in 
the  tidal  zone.  Some  of  the  gills  are  less  elongated  than  in  the  type, 
and  on  one  the  spirai  arrangement  continues  to  about  XXXIV.  When 
perfect  the  tentacles  taper  to  slender  tips,  the  median  reaching  to  XX, 
the  inner  pair  to  XVIII  and  the  outer  pair  to  XII.  On  one  counted 
the  last  gUl  is  on  LVI. 
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LUMBRINEBIDJB. 
Lnmbrineria  sonata  JohDson. 

Lumbriconereis  zonata  Johnson,  Proc.  Bos.  Soc.  Nat.  Hist.,  XXIX  (1901), 
pp.  408,  409;  Fi.  9,  figs.  93-100. 

San  Diego,  several.  Monterey  Bay,  numerous  specimens  taken 
at  the  following  named  points:  "big  tide  pool,"  June  20,  1905;  "point 
above  Third  Beach,"  July  12,  1904,  and  Jiily  6,  1905;  "Moss  Beach," 
July  7, 1905;  and  "picnic  tables,  17-niile  drive,"  June  29,  1904. 

This  species  is  generally  more  slender  than  the  next,  the  largest 
example  reaching  a  diameter  of  only  3  mm.  The  cuticle  frequently 
exhibits  a  beautiful  greenish  luster.  Many  of  the  specimens  are 
brown  or  purplish-brown  with  darker  spots  on  the  prostomium, 
peristomium  and  on  the  sides  of  the  setigerous  segments;  others  are 
conspicuously  annulated  with  dark  brown  bands  and  others  nearly 
uniform  in  color.  Those  carefuUy  studied  have  the  setse  arranged  in 
some  of  the  anterior  parapodia  (  V-XV)  as  follows  :  3  or  4  large  bilim- 
bate  dorsal  setse,  3  or  4  short  hooded  crochets  in  the  middle  and  3 
small  sigmoid  bilimbate  setse  below.  The  large  maxillse  commonly 
bear  four  or  five  teeth.  The  caudal  end  tapers  rapidly  to  a  minute 
tubular  pygidium  hearing  a  pair  of  closely  approximated,  very  short, 
thick,  blunt  cirri. 

Lnmbrineria  ereota  Moore 

Lumbriconereis  erecta  Moore,  Proc.  Acad.  Nat.  Sci.  Phila.,  1904,  pp.  490- 
492;  PI.  XXXVII,  figs.  19-22,  PI.  XXXVIII,  figs.  23-25. 

Unlike  the  l&st  this  species  appears  to  be  most  abundant  at  San 
Diego,  where  about  forty  specimens  were  taken  in  the  littoral  zone. 
At  Monterey  Bay  several  were  taken  at  "big  tide  pool,"  June  20, 1905, 
and  "Third  Beach  Point,"  July  6, 1905. 

The  largest  measure  nearly  7  mm.  in  diameter.  The  prostomium 
may  be  broad  and  obtuse  or  pointed.  The  posterior  parapodia  bear 
very  long  erect  lobes  which  are  the  distinguishing  feature  of  this 
species.  The  large  maxillse  bear  four  teeth.  Stalked  infusoria  are 
frequently  attached  in  the  furrows  between  the  parapodia. 
Drilonereia  nnda  sp.  nov.  (Piate  Vili,  figs.  21-23). 

Excessively  elongated  and  filamentous  and  of  nearly  uniform 
diameter.  The  three  complete  specimens  in  the  coUection  are  respec- 
tively  327, 445  (type)  and  630  nun.  long,  with  480, 652  and  935  segments, 
the  maximum  width  being  1.3  mm.  and  the  depth  1  mm. 

Prostomium  strongly  depressed,  about  one-third  as  deep  as  broad 
and  nearly  as  broad  as  long  in  the  type,  but  more  extended  in  one 
cotype,  broadly  rounded  in  front,  slight  median  grooves  extending 
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for  most  of  the  length  of  both  dorsal  and  ventral  faces.    No  eyes  or 
nuchal  organs  visible. 

Peristomium  a  simple  ring,  strictly  terete  and  about  one-half  as 
long  as  and  slightly  wider  than  the  prostomium;  its  free  ventral  border 
forming  a  furrowed  lip  bounding  the  large  mouth. 

Somite  II  also  achsetous,  sUghtly  smaller  and  more  strongly  convex 
laterally,  in  the  latter  respect  resembling  the  setigerous  segmenta. 
Body  terete  or  with  the  venter  slightly  flattened,  a  little  wider  than 
deep  and  with  a  more  or  less  evident  longitudinal  parapodial  furrow 
along  the  sides.  It  is  slightly  enlarged  in  the  middle  and  tapers  gently 
both  wa3n3,  the  posterior  end  being  more  slender.  Setigerous  segmenta 
simple  or  when  contracted  faintly  triannulate;  anterior  segmenta 
one-third  as  long  as  wide,  middle  and  posterior  often  as  long  as  wide. 
Pygidium  a  simple  ring  with  vertical  slit-like  anus  and  no  trace  of  cirri. 

Parapodia  (PI.  Vili,  j&g.  21)  strictly  lateral,  minute,  the  posterior 
ones  slightly  larger  but  never  exceeding  one-third  the  length  of  their 
somites;  ali  similar,  consisting  of  a  small  rounded  setigerous  tubercle 
and  a  small  postsetal  lobe  slightly  flattened  and  bent  dorsad. 

Setse  few,  varying  from  nine  to  eleven  anteriorly  and  six  or  seven 
posteriorly;  ali  pale  yellow  and  of  one  form  (PI.  Vili,  fig.  22),  some- 
what  geniculate,  with  the  narrowly  limbate  end  exhibiting  a  gentle 
sigmoid  curve.  In  the  bundles  they  tend  to  separate  into  a  dorsal 
and  a  ventral  group,  the  former  including  the  somewhat  larger  number, 
or  into  three  groups,  the  dorsalmost  of  which  is  formed  of  one,  two  or 
three  setae  having  somewhat  more  prolonged  tips  than  the  others. 
Anterior  parapodia  are  supported  by  one  or  two  stout  acicula  com- 
pletely  concealed  within  the  body  walls.  At  about  XXV  to  XXX 
the  aciculum  (or  acicula)  reaches  the  surface  and  projects  as  a  stout 
spine  (or  2)  ventral  to  the  fascicle  of  set»  (fig.  21),  a  condition  that 
continues  to  the  caudal  end.  When  two  acicula  are  present  one  is 
usually  stouter  and  is  accompanied  by  a  minute  delicate  seta,  probably 
the  tip  of  an  undeveloped  ordinary  seta. 

Jaws  when  at  rest  and  retracted  in  somites  VIII  to  X.  Although 
the  pharynx  is  Uned  throughout  by  a  thick  cuticle  there  is  no  trace  of 
mandibles  in  the  two  specimens  dissected.  Maxill»  (PI.  VIII,  fig.  23) 
black,  dense  and  very  hard;  the  forceps  jaws  (I)  broad  at  base,  stout, 
very  strongly  hooked  at  the  end  and  lacking  basai  masticatory  teeth  ; 
their  paired  filamentous  carriers  twice  as  long  as  the  entire  series  of 
jaws  and  distinct  nearly  to  the  anterior  end,  where  they  unite  into  a 
small  vertical  piate  hearing  on  its  ventral  margin  an  irregular  hori- 
zontal  piate  with  ragged  tendons  for  muscular  attachment.     Second 
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pair  of  maxillsB  (II)  thick,  triangular,  curved  plates  hearing  a  thin 
internai  accessory  piate  or  wing,  and  about  five  marginai  teeth  on  the 
left  and  seven  on  the  right  side,  the  most  anterior  in  each  case  being 
strongly  hooked  and  much  the  largest.  The  anterior  pairs  (III  and  IV) 
are  small  plates  with  one  very  acute,  erect,  claw-like  tooth,  III,  having 
on  the  left  side  one  and  on  the  right  side  two  additional  small  internai 
cusps.  On  the  left  side  there  is  also  a  minute  V  hearing  two  small 
hooked  teeth. 

Color  brown,  each  somite  sometimes  with  two  dark  rings  which 
may  be  concentrated  in  deep  spots  above  the  parapodia.  Cuticle 
with  a  brilliant  green  iridescence. 

The  specimen»  were  taken  at  a  big  tide  pool  near  Monterey  Bay, 
the  type  on  July  6, 1905,  and  the  cotypes  on  June  20, 1905. 

STAXTBONERBIDiE. 
Stanronereia  monilooeraa  sp.  nov.  (Piate  Vili,  fl^s.  24-29). 

Form  moderately  slender,  stoutest  in  pharyngeal  region,  thence 
tapering  regulariy  caudad;  anterior  end  broadly  rounded,  strongly 
arched  above,  fiat  below  becoming  rather  more  depressed  posterioriy 
but  the  dorsum  remaining  rather  strongly  arched.  Maximum  length 
recorded  69  mm.,  width  in  pharyngeal  region  3  mm.;  number  of  seg- 
ments  up  to  110. 

Prostomium  subgloboid,  not  annulated,  broadly  shield-shaped  in 
outline,  sUghtly  longer  than  broad,  slightly  contracted  toward  the 
posterior  border  which  bears  a  small,  median,  rounded  lobe  united 
with  the  median  peristomial  lobe.  Ventrally  a  pair  of  conspicuous 
palpai  ridges  separated  by  a  deep  cleft  pass  from  the  prostomium 
into  the  mouth  and  terminate  in  pointed  processes  within  the  buccal 
chamber.  Dorsal  tentacles  arise  from  sides  of  prostomium  just  be- 
hind  the  middle,  are  about  one  and  one-half  times  as  long  as  prosto- 
mium, slightly  curved  and  divided  into  about  seven  (6-8)  short  joints. 
Very  conspicuous  palps  arise  from  beneath  the  tentacles  from  enlarged 
bases  continuous  with  the  palpai  ridges  and  curve  boldly  back  round 
the  sides  of  the  mouth;  they  are  about  one  and  one-half  times  as  long 
as  the  tentacles,  rather  strongly  flattened  proximally  and  undividcd 
except  for  a  few  transverse  furrows  along  the  concave  side.  Eyes 
two  pairs,  black,  conspicuous,  rounded,  the  posterior  dorsal  and  cloee 
to  the  posterior  border,  the  anterior  dorso-lateral  and  just  anterior  to 
base  of  tentacles. 

Peristomium  enlarged  and  swoUen,  three  times  as  wide  as  prosto- 
mium, nearly  twice  as  wide  as  long  and  about  as  long  as  three  succeed- 
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ing  segmenta^  uniannular,  strongly  convex  and  elevated  above  and 
divided  anteriorly  into  three  lobes  :  a  median  united  with  the  median 
prostomial  lobe  and  a  prominent  lateral  pair  wbich  embraces  the  sides 
of  the  prostomium  as  far  forward  as  the  tentacles.  Nuchal  organs 
between  theee  lobes  and  the  prostomium,  deep,  quadrate,  with  fur- 
rows  passing  from  the  angles.  Mouth  large  Tvith  deeply  furrowed 
iips,  cutting  the  peristomium  nearly  to  its  caudal  border. 

Somite  II  a  simple  apodous  ring  one-third  as  long  as  the  prosto- 
mium. Succeeding  segments  podous,  but  otherwise  similar  to  II. 
Anteriorly  they  are  one-eighth  to  one-sixth  as  long  as  wide,  but  become 
one-fourth  to  one-third  as  wide  in  the  middle  and  posterior  region. 
Ali  perfectly  simple  with  rounded,  bulging  sides  and  separated  by 
deep  furrows;  a  projection  below  each  parapodiimi,  combined  with  the 
flattened  venter,  produces  an  almost  sole-like  surf  ace. 

Pygidium  an  oblique  ring  with  anus  directed  obliquely  dorsad 
and  surrounded  by  a  low  welt.  Caudal  cirri  two  pairs,  behind  anus; 
the  more  dorsal  cylindrical,  longer,  about  equahng  diameter  of 
pygidium  and  formed  of  four  or  five  articulations;  the  more  ventral 
about  one-half  as  long,  davate  and  formed  of  two  articulations. 

Parapodia  arise  from  a  slight  depression  dose  to  the  ventral  level 
of  the  segments  and  project  prominently  directly  laterad  to  a  distance 
of  more  than  one-half  width  of  body.  They  are  uniramal,  consisting 
of  a  prominent  neuropodium,  compressed  and  somewhat  e3q)anded 
distally  where  it  is  divided  into  a  broad  rounded  postsetal  lobe,  a 
shorter  presetal  lobe  subdivided  into  two  small  secondary  lobes  and 
a  small  subsetal  lobe.  In  dififerent  regions  the  form  of  these  lobes 
varies  somewhat  and  especially  they  become  more  pointed  posteriorly. 
Neurocirri  arise  from  basai  half  of  venter  of  neuropodium,  and  as  a 
simple  conica!  or  subcyUndrical  process  reach  nearly  as  far  as  its  end. 
Notocirri  arise  in  contact  with  dorsal  base  of  neuropodiimi  and  consist 
of  a  long  cylindrical  cirrophore  ciliated  on  its  ventral  side,  probably 
representing  the  notopodium,  as  it  contains  a  slender  aciculum  or 
rarely  two  acicula,  and  reaching  beyond  the  end  of  the  neuropodium 
except  on  anterior  segments;  at  its  end  it  bears  a  conical istyle  about 
one-third  its  length.  The  first  parapodium  (on  III)  differs  from  ali  of 
the  othei;8  in  its  very  small  size,  greater  simplicity  (being  entire  dis- 
tally), in  its  short,  rounded  neurocirrus  and  especially  in  the  total 
absence  of  a  notocirrus. 

Neuropodial  aciculiun  always  single,  moderately  stout,  tapered, 
straight,  with  a  simple  blunt  point.     Notopodial  acicula,  one,  or 
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rardy  two,  very  slender,  almost  l&bre-like,  tapered  and  reaching  nearly 
to  tip  of  cirrophore.    Ali  acicula  pale  yellow. 

Setae  perfectly  colorless  and  vitreous,  of  two  kinds:  simple  supra- 
acicular  and  compoiind  subacicular.  The  former  (PI.  Vili,  fig.  25) 
niimber  15-20  on  anterior  parapodia,  and  become  gradually  fewer  and 
stouter  posteriorly  until  they  are  reduced  to  a  single  rather  stout  one. 
They  are  gently  curved,  slightly  tapered  and  faintly  fringed  along 
the  convex  side,  and  terminate  rather  abruptly  in  a  amali  blunt  hook 
which  is  embraced  between  a  pair  of  guards  difficult  to  observe  on 
the  more  slender  setae,  but  sufficiently  obvious  on  most  of  the  stouter 
ones.  Compound  setae  form  an  oblique  spreading  tuft  of  twenty  to 
thirty  on  anterior  and  about  one-half  as  many  or  even  fewer  on  pos- 
terior  segmenta.  The  stems  (fig.  24)  are  gently  curved,  slightly 
enlarged  and  obliquely  truncate  distally,  and  just  perceptibly  den- 
ticulated  on  the  convexity.  Appendages  subtriangular,  their  length 
two  or  three  times  the  distai  width  of  the  shaft,  tapered  to  the  promi- 
nently  hooked  tip,  below  which  is  a  conspicuous  accessory  tooth,  the 
whole  protected  on  one  side  by  a  very  delicate,  minutely  denticulated 
guard. 

The  jaws  of  only  one  specimen  were  dissected.  The  smallest  ones 
are  deep  brown,  the  others  black  and  opaque.  Mandibles  (fig.  26)  are 
heavy,  with  forcep-shaped  bases  and  massive  end-plates,  the  convex 
margina  and  ends  of  which  bear  a  series  of  blunt  teeth  and  are  much 
broken  with  use;  a  thin  chitinoid  streamer  containing  two  or  three 
black  nodules  is  appended  to  the  lateral  side  of  the  tip  and  the  two 
plates  are  lightly  jointed  medially.  Maxillae  form  two  long  bands 
extending  through  about  eight  segmenta  and  home  on  the  dorsal  face 
of  a  thick  muscular  pad.  They  are  sUghtly  united  behind  and  each 
consista  of  three  aeries  of  denticles  of  about  thirty-five  or  forty  each, 
besides  a  posterior  tract  where  the  separate  denticles  of  each  series 
have  coalesced.  Ali  free  denticles  have  more  or  less  deeply  cleft 
V-shaped  bases,  and  those  at  the  anterior  end  of  each  series  are  most 
complex,  hooked  and  slender.  The  inner  series  consists  of  small 
denticles  (figs.  29a  and  6),  the  anterior  members  of  which  have  a  pair 
of  long,  subequal,  acute  teeth  often  flanked  by  smaller  ones;  passing 
caudad  the  lateral  teeth  disappear  and  then  one  of  the  large  teeth, 
leaving  a  series  of  one-toothed  plates  that  soon  unite  into  a  serrated 
band.  Jaws  of  the  outer  and  middle  series  are  much  larger;  the  outer 
ones  (fig.  27)  with  strongly  curved  stems  and  severa!  acute  teeth 
arranged  asynmietrically  near  the  end;  severa!  of  the  most  anterior 
are  very  slender,  strongly  falcate  and  nearly  simple,  but  they  soon 
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become  more  complex  and  then  more  massive,  with  the  lateral  teeth 
shorter  and  less  distinct;  finally  they  coalesce  into  a  flexible  band. 
Those  of  the  middle  series  (fig.  28)  are  generally  similar  to  the  outer, 
but  tend  toward  greater  symmetry  and  undergo  similar  changes 
caudaUy,  where  they  tend  to  unite  with  the  jaws  of  the  outer  series 
as  weD  as  with  one  another.  Sometimes  the  outer  series  is  partly 
deficient. 

The  type  is  a  iemale  filled  with  large  eggs  and  of  a  generally  pale 
color  tinged  with  rich  rusty  yellow  anteriorly. 

It  was  taken  at  Monterey  Bay  on  June  20, 1905,  by  Mr.  E.  C.  Starks. 
Additional  specimens  were  coUected  at  the  point  above  Third  Beach, 
vicinity  of  Monterey  Bay,  on  July  12, 1904. 

This  species  resembles  Anisoceras  vittata  Grube  and  Oersted  some- 
what  closely,  and  more  complete  Information  regarding  the  latter, 
which  was  taken  at  Punta  Arenas,  Costa  Rica,  may  establish  their 
identity.  It  is,  however,  much  larger  than  Oersted's  specimens  and 
dififers  from  Grube's  description  in  several  other  respects. 

GLTOBRID^. 
Glyotra  nana  Johnson. 

Glycera  nana  Johnson,  Proc.  Boa.  Soc.  Nat.  Hist.,  XXIX  (1901),  p.  411, 
PI.  10,  figs.  103,  103a. 

Seven  specimens,  one  of  large  size,  were  taken  at  San  Diego. 

Glyoera  rag«ga  Johnaon. 

Glycera  rugosa  Johnson,  Proc.  Bos.  Soc.  Nat.  Hist.,  XXIX  (1901),  pp.  409- 
411;  PI.  10,  figa.  101,  102. 

San  Diego,  six  specimens.     Some  of  these  have  the  branched  gills 

extended  on  nearly  every  parapodium;  on  one  they  reach  far  beyond 

the  parapodial  lobes;  others  have  ali  or  neariy  ali  retracted. 

Hemipodia  borealis  Johnson. 

Hemipodia  borealis  Johnson,  Proc.  Bob.  Soc.  Nat.  Hist.,  XXIX  (1901), 
pp.  411,  412;  Pi.  10,  figs.  104,  104a. 

San  Diego,  four  specimens;  Monterey  Bay,  one  at  point  above  Third 
Beach,  July  12,  1904. 

An  example  60  mm.  long  and  2.5  mm.  in  maximum  width  (exclusive 
of  the  parapodia)  in  the  anterior  f ourth  tapers  regularly  to  the  caudal 
end,  and  has  141  strongly  biannulate  segments  which  become  relatively 
longer  caudad  where  the  larger  podous  annulus  may  be  again  divided. 

The  "head"  consists  of  a  wider  basai  two-fifths  or  more,  consisting 
of  at  least  two  segments  hearing  minute  setigerous  parapodia,  the 
peristomium  and  a  portion  of  the  prostomium.  It  includes  the  mouth, 
which  is  bounded  laterally  by  a  pair  of  large,  low  pads.    The  anterior 
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part  is  a  short,  somewhat  depresseci,  rapidly  tapered  cone  obscurely 
divided  into  about  eight  rings  and  hearing  at  the  apex  two  pairs  of 
small  but  distinct,  slender,  divergent  tentacles. 

The  parapodia  agree  with  Johnson 's  figures;  anterioriy  they  are 
small,  but  gradually  increase  in  length  until  the  posterior  ones  become 
quite  prominent  and  slender. 

ABIOnDJS. 

Arieia  johmoni  >p.  nor.  (Piate  Vili,  figa  80-38). 

Thè  solitary  specmien  upon  which  the  foDowìng  description  is 
based  lacks  perhaps  about  100  caudal  segments,  the  remaining  182 
segments  measuring  72  mm.,  and  in  the  widest  part  of  the  anterior 
region  is  3  mm.  wide  and  1.8  mm.  deep. 

Prostomium  small,  acutely  conieal,  about  twice  as  long  as  the  basai 
width,  hearing  at  the  apex  a  minute  cirrif  orm  palpode,  the  base  slightly 
swollen  and  on  the  dorsal  surface  exhibiting  an  obscure  transverse 
row  of  minute  specks,  probably  eye-spots. 

Peristomium  a  tnmcated  cone  nearly  as  long  as  the  peristomium 
and  two  to  two  and  one-half  times  as  broad;  on  its  venter  is  a  quadrate, 
cushion-like  area,  behind  which  the  minute  mouth  lies  between  it  and 
somite  II. 

Anterior  region  of  body  strongly  depresscd,  elliptical  in  section  and 
scarcely  two-thirds  as  deep  as  wide,  increasing  in  width  rapidly  to  X, 
then  more  gradually  to  the  widest  point  at  XVIII  or  XIX,  foUowing 
which  is  a  rather  marked  constriction  extending  over  about  ten  seg- 
ments (those  hearing  the  pectinated  ventral  folds).  The  entire  pos- 
terior region  is  very  strongly  convex  below,  flattened  above,  and  bears 
the  parapodial  lobes,  set»  and  gills  in  a  dense  brush-like  arrangement. 
Intersegmental  f  urrows  well  marked  ;  segments  of  anterior  region  one- 
third  to  one-fifth  as  long  as  broad,  obscurely  biarmulate  owing  to  a 
slight  wdt  and  groove  encircling  them  opposite  the  parapodia;  seg- 
ments f ollowing  region  of  ventral  pectinations  simple  and  much  shorter. 
Pygidium  unknown. 

The  ventral  half  of  the  welts  alluded  to  above  is  better  developed 
than  the  dorsal  half  and  bears  the  pectinated  folds  which  are  indpient, 
as  two  or  three  small  slender  papiDse,  on  each  side  of  the  neural  line 
of  XXI  and  XXII.  On  XXIII  they  reach  from  the  neuropodium  to 
the  middle  line,  consisting  of  five  or  six  closely  contiguous  smaller 
papillffi  at  the  dorsal  end  and  two  or  three  larger  detached  papillse  at 
the  ventral  end.  On  succeeding  somites  the  number  of  papillie  in- 
creases  to  fifteen  or  sixteen  on  each  side,  aU  but  the  two  or  three  ven- 
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tralmost  being  in  a  dose  transverse  series  beginning  immediately 
beneath  the  neuropodia.  On  XXIX  the  papillse  become  fewer  and 
less  crowded  and  the  next  three  segmenta  bear  only  two  or  three 
detached  papillfle  on  each  side  immediately  beneath  the  neuropodia, 
the  median  area  being  bare. 

Parapodia  of  the  anterior  region  are  lateral  and  consist  of  low  sloping 
neuropodial  platforms,  hearing  palisades  of  four  to  six  rows  of  set» 
backed  by  a  low  postsetal  fold.  In  the  neighborhood  of  XV,  where 
they  are  largest,  they  are  about  twice  as  deep  as  long,  but  anteriorly 
the  depth  diminishes  until  it  scarcely  exceeds  the  length,  while  behind 
XV  they  gradually  decrease  in  both  length  and  depth  and  in  the  pec- 
tinated  region  shift  dorsad  to  assume  the  fonn  characteristic  of  the 
posterior  region  at  about  XXII.  Notopodia  of  anterior  region  incon- 
spicuous  spreading  tufts  of  sessile  setse  immediately  dorsad  of  the 
neuropodia.  When  fully  changed,  beginning  at  XXIV,  the  parapodia 
of  the  posterior  region  are  strictly  dorsal,  borne  with  the  gills  on  a 
transverse  fold.  Each  ramus  consists  of  an  devated  setigerous  tubercle 
hearing  a  small  erect  tuft  of  slender  capillary  setse  and,  in  the  case 
of  the  neuropodium,  a  postsetal  lobe  divided  into  a  minute  conical 
ventral  part  connected  by  a  membrane  to  the  side  of  the  segment, 
and  a  larger  somewhat  foliaceous  dorsal  part,  while  the  postsetal  lobe 
of  the  notopodium  is  slightly  foliaceous,  sublanceolate  and  abruptly 
bent  at  the  base  where  it  embraces  the  setse  tuft.  The  only  change 
caudad  is  an  increasing  prominence  for  a  time  of  the  parapodia  and  a 
progressive  increase  in  length  and  slenderness  of  the  notopodial  post- 
setal lobes. 

Gills  begin  on  XX  as  a  pair  of  minute  papillae  situated  on  the  dorsum 
and  well  separated  from  the  notopodia.  They  increase  in  length 
gradually  and  are  fully  devdoped  only  on  segments  foUowing  the 
pectinated  region,  where  they  increase  correspondingly  to  the  growth 
of  the  parapodia,  but  alway  rise  above  the  notopodial  lobes  as  erect, 
slightly  flattened,  lanceolate  and  eiliated  processes  dose  to  the  median 
line  and  imited  with  the  opposite  member  of  the  pair  by  a  low 
membrane. 

No  color  remaining.    Proboscis  unknown. 

Notopodial  setse  of  anterior  region  in  spreading  tufts,  rather  short, 
tapered,  flexible,  capillary,  with  conspicuous  subannular  cameration 
and  along  one  side  a  small  obUque  opening  into  each  chamber  (PI.  Vili, 
fig.  32).  In  the  posterior  region  they  are  straighter,  much  longer, 
more  slender  and  erect,  and  associated  with  the  capillary  setse  in  the 
ventral  part  of  middle  and  posterior  bundles  are  a  few  very  delicate 
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bifurcate  setae  of  peculiar  form  (fig.  33).  They  have  the  slender  stem 
with  half-round  coUar  flanges  which  appear  in  profile  as  marginai 
serrations;  the  end  of  each  prong  is  expanded  and  slightly  bilobed  and 
provided  along  the  inner  side  with  long  oblique  hairs.  Anterior  neuro- 
podials  form  dense  palisades  of  four  to  six  series  of  chiefly  short,  blunt, 
somewhat  davate,  yellow  spines,  bent  near  the  end  and  marked  with 
transverse  serrullse  at  the  convexity  and  with  the  tips  enclosed  in  a 
sheath  (fig.  30).  Those  of  the  most  caudal  series  of  each  palisade  are 
more  slender  and  bear  a  slender,  tapered,  smooth  tip;  and  at  the  ven- 
tral  border  of  each  is  a  small  tuft  of  setae  like  the  notopodials  but 
smaller.  Neuropodial  fascicles  of  the  posterior  region  are  small,  com- 
pact, erect  and  consist  of  a  few  very  slender,  straight  setae  (fig.  31)  with 
minute  appressed  teeth  along  one  side.    Setae  ali  colorless. 

This  species  was  taken  at  Moss  Beach,  near  Monterey,  Cai.,  on 
July  7,  1905.  It  is  probably  the  species  mentioned  as  occurring 
commonly  on  the  California  coast  by  Dr.  H.  P.  Johnson,  our  leading 
authority  on  the  Polychseta  of  that  region,  to  whom  it  is  a  pleasure 
to  dedicate  it.  The  type  is  a  female  filled  with  large  eggs. 
Nainerig  robusta  sp-  nov.  (Piate  Vili,  flgs.  84-37). 

Form  generally  similar  to  N,  longa  but  decidedly  stouter,  tapered 
both  wajrs  from  the  middle,  the  anterior  end  more  depressed  and 
broadly  rounded  into  the  prostomium,  the  posterior  region  subterete, 
strongly  convex  below,  flattened  above.  The  largest  specimen  is 
170  nmi.  long  and  has  a  maximum  diameter  in  the  middle  of  the  body 
of  4  mm.  ;  from  26  to  30  segments  constitute  the  anterior  region  and 
as  many  as  360  the  posterior  region. 

Prostomium  broad,  fiat,  somewhat  shovel-shaped,  broadly  rounded 
and  with  a  thin  margin  anteriorly;  posteriorly  somewhat  narrower 
and  retracted  within  the  peristomium;  ventrally  it  is  continued  by 
a  somewhat  swollen  rugous  area  to  the  mouth  and  is  united  to  the 
anterior  peristomial  ring.  No  eyes;  deep  lateral  recesses  at  the  pro- 
peristomial  furrow  represent  the  nuchal  organs. 

Peristomium  a  somewhat  indistinct  naked  ring  about  equaling  II, 
simple  above,  below  split  into  two  rings  between  the  rugous  folds 
of  which  the  mouth  lies. 

Segments  of  anterior  region  about  eight  times  as  wide  as  long,  con- 
vex below,  slightly  concave  above  and  about  half  as  deep  as  wide. 
Passing  into  the  posterior  region  the  segments  become  shorter  (about 
12  times  as  wide  as  long),  much  deeper,  very  convex  below  and  nearly 
fiat  above.  No  sharp  boundary  exists  between  the  two  regions,  but 
estimated  by  the  segment  upon  which  conspicuous  neuropodial  setae 
cease  twenty-eight  may  be  counted  in  the  anterior  region. 
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Pygidium  a  short  tube  with  large  tenninal  anus  siirrounded  by  a 
membrane  bearing  a  circle  of  minute  papillae  and  a  small  but  distinct 
pair  of  ventral  cirri  knobbed  at  the  ends. 

Parapodia  begin  on  II.  When  fully  developed  at  about  X  the 
neuropodia  consist  of  low  fleshy  projections  at  the  extreme  dorsal  level 
of  the  sides;  they  bear  a  scarcely  evident  presetal  lobe  and  a  more 
prominent  thick  postsetal  lobe  which  rises  above  into  a  free  process 
especially  evident  on  the  more  restricted  neuropodia  of  anterior  and 
posterior  segments.  Setae  are  of  a  deep  brown  color  and  fonn  a  con- 
spicuous  palisade  of  five  or  sometimes  six  vertical  series  arranged 
in  an  elliptical  area  three  times  as  deep  (dorso-ventrally)  as  long 
(antero-posteriorly)  on  middle  segments,  but  less  deep  anterioriy 
and  posteriorly.  In  the  posterior  region  neuropodia  become  reduced 
to  small  pointed  processes  situated  ventro-laterad  of  the  notopodia, 
with  which  they  are  united  by  an  integumental  fold;  they  bear  a  tuft 
of  inconspicuous  setae.  Notopodia  of  anterior  region  dorsal,  separated 
f  rom  the  neuropodia  by  a  short  interval  and  consisting  of  a  short  setig- 
erous  tubercle  and  a  small  but  prominent  postsetal  lobe  thickened 
along  the  lateral  border  and  rising  mesially  into  a  pointed  process; 
they  bear  small  spreading  tufts  of  setae  of  various  lengths,  the  longest 
directed  mesially.  Except  that  they  become  more  elevated,  the  post- 
setal lobes  erect  and  sublanceolate  in  form  and  the  setae  reduced  to 
small  vertical  fascicles,  the  notopodia  are  little  changed  in  the  posterior 
region. 

Branchiae  appear  at  from  VII  to  X  as  slender  and  inconspicuous  pro- 
cesses as  long  as  the  segment  and  arising  from  the  dorsum  just  mediad 
of  the  notopodia.  No  marked  change  is  undergone  until,  passing 
into  the  posterior  region  at  about  XXIX,  they  abruptly  become  much 
longer,  flattened  and  lanceolate,  densely  ciliated  on  both  borders  and 
united  to  the  notopodia  by  a  membranous  fold.  They  completely 
fili  the  dorsal  field  between  the  notopodia  and  generally  extend  mediad 
until  they  touch  and  bend  sharply  dorsad.  They  continue  to  the 
posterior  end. 

No  clear  distinction  between  acicula  and  setae  exists,  but  some  of 
the  latter  reach  deeply  into  the  body  walls  and  serve  for  muscular 
attachment.  On  typical  anterior  neuropodia  the  stout,  brown  setae 
form  a  conspicuous  palisade  of  five  (or  rarely  six)  vertical  rows  which 
bend  backward  and  successively  overlap.  Those  of  the  posterior 
series  (PI.  Vili,  fig.  34)  are  stouter  than  the  others,  with  short,  blunt 
roughened  tips;  the  others  (fig.  35)  are  abruptly  contracted  imme- 
diately  beyond  the  surface  of  the  body  and  taper  into  long,  acute  tips 


Digitized  by 


Google 


264  PROCBEDINGS  OF  THE  ACADEMY  OF  [Aprii, 

finely  denticulated  along  one  margin.  There  is  also  a  amali  ventral 
group,  arranged  in  a  few  obliquely  longitudinal  rows,  of  slender 
capiUary  setse  denticulated  and  camerated  like  the  notopodials.  An- 
teriorly  these  capillary  setse  increase  in  niunber,  the  tips  of  the  stouter 
setsB  lengthen  and  the  rows  become  sborter,  although  remaining  five. 
Posteriorly  the  length  of  the  rows  again  decreases  and  at  about  XXX 
their  number  is  abruptly  reduced  from  five  to  three  and  the  stout  setse 
quickly  disappear,  leaving  only  the  ventral  capillary  setse.  These 
are  colorless  and  exactly  like  the  notopodials  of  the  same  region,  except 
that  they  are  somewhat  shorter  and  the  fascicles  more  spreading. 
They  undergo  little  change  throughout  the  posterior  region,  but  on 
middle  and  posterior  segments  six  or  eight  small  blunt  spines  appear 
among  their  bases  and  probably  represent  the  projecting  ends  of 
acicula.  Except  that  the  tufts  are  larger  and  more  spreading  in  the 
anterior  and  more  erect  in  the  posterior  region  the  capillary  notopodial 
setse  do  not  differ.  They  are  colorless,  slender  with  much  attenuated 
tips,  slightly  curved  and  the  distai  half  asymmetrically  camerated 
and  finely  denticulated  along  the  convexity  (fig.  36).  A  very  small 
number  of  bifurcate  setse  (fig.  37)  are  associated  with  the  capillary 
setse  in  the  ventral  part  of  the  bundle,  but  they  are  difficult  to  see  and 
appear  to  be  absent  from  the  anterior  and  many  segments  of  the 
posterior  region. 

The  protruded  proboscis  has  the  form  of  a  rosette  Tvìth  ruffled 
■  margins,  the  deepest  f olds  dividing  it  into  four  lobes,  each  of  which  is 
again  subdivided  into  two,  three  or  four  much  folded  lobules. 

Color  pale  brown  with  neural  and  infrapodal  series  of  spots,  or 
more  extensivdy  pigmented  with  dark  brown. 

The  type  and  two  other  examples,  the  former  being  an  egg-bearing 
female,  were  taken  between  tides  at  San  Diego,  and  a  single  specimen 
at  Monterey  Bay  on  June  20, 1905. 
Naineris  longa  sp.  nov.  (Fiate  vm,  flgs.  88-42). 

Form  moderately  slender;  the  anterior  region  slightly  wider  and 
obscurely  separated  from  the  posterior  by  a  slight  constriction,  rather 
strongly  depressed,  flattened  above;  posterior  region  gently  tapered 
caudad,  strongly  convex  below,  fiat  above.  Length  up  to  140  mm., 
of  which  the  anterior  region  is  16  mm.  ;  width  and  depth  at  caudal 
end  of  anterior  region  respectively  3  mm.  and  2.5  mm.  Number  of 
segments  of  full-grown  worms  290  to  310,  of  which  22  to  26  belong  to 
the  anterior  region. 

Prostomium  broad,  fiat,  about  twice  as  wide  as  long;  anterior  border 
gently  convex  and  slightly  uptumed;  ventral  surface  extended  some- 
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what  backwards  to  the  mouth  as  a  slightly  rugous  area;  a  few  spots  of 
pigment  but  no  distinct  eyes  on  the  dorsum.  On  each  side  at  the 
junction  of  prostomium  and  perìstomiumis  a  deep  nuchal  pit. 

Peristomium  a  distinct  achsetous  ring,  longer  than  either  proeto- 
mium  or  somite  II,  simple  and  entire  dorsally,  but  ventrally  divided 
nearly  or  qnite  to  its  posterior  border  by  the  large  subtriangular  mouth, 
a  small  median  process  of  II  projecting  slightly  into  the  incision. 

Two  regions  of  the  body  not  sharply  defined,  distinguished  chiefly 
by  differences  ih  character  of  the  notopodia  and  degree  of  devdop- 
ment  of  the  giUa.  Segments  of  anterior  region  depressed,  convex 
below  and  fiat  above,  distinct  and  sharply  defined  by  well-marked 
but  not  especially  deep  furrows,  uniannular  marked  by  a  slight  trans- 
verse  ridge  ventrally  and  by  a  pair  of  faint  impressed  paramedian 
longitudinal  lines  dorsally.  Segments  of  posterior  region  short,  at 
first  much  crowded  but  farther  back  much  less  so,  similar  to  those  of 
anterior  region,  but  lacking  the  dorsal  impressed  lines  and  much  more 
strongly  convex  below.  Caudal  end  depressed  and  broadly  rounded, 
ending  in  a  short  tubular  pygidium  with  large  anus  directed  sUghtly 
upward  and  surrounded  by  a  circle  of  papillffi  and  a  pair  of  minute 
ventral  cirri. 

Parapodia  biramous,  beginning  on  II  and  situated  at  a  high  level. 
Neuropodia  of  anterior  segments  small,  rather  fleshy,  elliptical  sloping 
prominences  about  as  deep  dorso-ventrally  as  long  antero-posteriorly, 
and  produced  into  small  rounded  postsetal  lobes  which  on  more  pos- 
terior segments  tend  to  be  prolonged  dorsad.  They  are  largest  on 
the  middle  segments  of  the  region  and  the  three  rows  of  stout  setse 
that  they  bear  are  here  stoutest.  Notopodia  separated  from  neuro- 
podia by  a  deep  groove  and  consisting  of  small  tubercles  hearing 
a  slender  tuft  of  capillary  setae,  behind  and  below  which  is  a  subconical, 
erect  postsetal  lobe  most  prominent  on  anterior  somites,  and  when 
best  developed  hearing  a  convex  wing  on  the  ventral  side  of  its  base. 
On  posterior  segments  of  this  region  the  neuropodia  become  smaller 
and  shifted  dorsad  and  the  rami  crowded.  On  the  posterior  region 
both  rami  are  home  on  the  dorsum  and  so  closely  approximated  that 
they  seem  almost  to  have  a  common  somewhat  elevated  base.  Both 
rami  are  foliaceous,  the  neuropodium  small  and  somewhat  mammilli- 
form  hearing  its  setse  in  a  fan-shaped  fascicle;  the  notopodium  con- 
sisting of  an  erect,  sub-lanceolate  postsetal  lobe  and  hearing  a  small 
compact  tuft  of  setse. 

Gills  begin  on  from  X  to  XII  as  slender,  erect,  conical  processes  on 
the  dorsum  immediately  above  the  notopodia.    They  undergo  little 
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change  to  the  last  two  or  three  segments  of  the  anterior  region,  where 
they  rather  abruptly  become  longer  and  thicker.  On  anterior  seg- 
ments of  the  second  region  they  extend  transversely  across  the  dorsum 
from  the  notopodia  and  meet  medially,  but  though  continuing  to  the 
posterior  end  they  become  gradually  smaller.  Each  includes  a  single 
vascular  loop,  and  is  heavily  ciUated  along  the  mediai  margin. 

Notopodiàl  eapillary  set»  (PI.  Vili,  fig.  '40)  appear  to  be  similar 
throughout — soft,  slender,  tapered,  regnlariy  and  closely  provided  with 
obscure,  incomplete  sheaths,  corresponding  to  sUght  internai  camera- 
tion.  The  fascicles  are  slightly  more  spreading  anterioriy,  more  com- 
pact and  erect  posterioriy.  At  the  base  of  the  notopodials  on  the 
ventral  side  of  the  tuft  are  three  or  four  small  and  delicate  bifurcate 
setae  (fig.  42)  with  serrated  stems  and  slender  tapered  prongs  hearing 
a  series  of  long  obUque  hairs.  Neuropodials  of  the  posterior  region 
are  mostly  similar  to  the  notopodials,  but  the  sculptured.  region  is 
shorter,  and  in  addition  there  is  a  ventral  series  of  about  six  small 
smooth  blunt  spines  (fig.  41).  Anterior  neuropodials  are  arranged  in 
three  nearly  vertical  series,  the  first  extending  most  ventral.  Ali  are 
stout,  but  those  of  the  anterior  two  rows  (fig.  39)  bear  slender  terminal 
portions  similar  in  structure  to  the  notopodiàl  setse  but  much  more 
abruptly  tapered;  those  of  the  posterior  series  are  stout,  curved, 
smooth,  davate  spines  (fig.  38).  Ventral  to  the  palisade  is  a  cres- 
centic  series  of  smaller  eapillary  setae.  Ali  of  these  setae  are  stoutest 
in  the  middle  and  posterior  parapodia  of  the  anterior  region,  but  on 
the  last  few  transition  segments  rapidly  become  more  slender  and  the 
series  short  and  restricted  from  the  ventral  end.  Or  it  may  be  said 
that  the  three  series  of  stout  spinous  setae  gradually  disappear,  finally 
leaving  only  the  ventral  group  of  slender  setae  with  a  few  small  spines. 

Proboscis  partially  protruded  on  several  specimens.  It  appears  to 
consist  of  four  principal  divisions,  each  again  bilobate  and  hearing 
from  four  to  ten  slender  elongated  processes  with  a  continuous  hem- 
like  raised  border,  leaving  a  longitudinal  groove  on  each.  The  lobes 
are  often  irregular  and  unequal  and  some  specimens  appear  to  have 
the  proboscis  divided  into  from  five  to  eight  fiinbriated  lobes. 

Color  in  alcohol  dull  creamy  yellow,  more  or  less  marked  vdth  brown 
pigment  which  is  most  Constant  as  three  series  of  ventral  spots,  a 
subneural  and  paired  infrarpodal.  Others  have  the  gills  or  parapodia 
pigmented  and  others  the  dorsum  marked  with  suilused  spots  or  well- 
defined  annulations,  while  extreme  forms  may  be  deep  chocolate 
brown. 

This  species  appears  to  be  quite  plentiful  between  tides  in  the 


Digitized  by 


Google 


1909.]  NATURAL  SaBNCES  OF  PHILADELPHIA.  267 

vicinity  of  Monterey  Bay  and  was  taken  at  Third  Beach  Point  (which 
is  the  type  locality)  on  July  6,  and  at  "big  tide  pool"  on  June  20. 
A  single  example  also  occurs  in  the  Starks  coUection  from  San  Diego, 
also  taken  between  tides. 

OIBBATnijID.2i. 

Cirratnlui  gpirabranohus  Moore. 

Cirratulus  svirabranchua  Moore,  Proc.  Acad.  Nat.  Sci.  Phiia.,  1904,  pp. 
492,  493;  PI.  XXXVIII,  figs.  26  and  27. 

Cirratalag  luxoriosai  Moo^. 

Cirratulus  lusurioms  Moore,  Id.,  pp.  493,  494;  PI.  XXXVIII,  figa.  28-31. 
Both  of  these  species  are  quite  plentiful  between  tides  on  the  beach 
at  San  Diego. 

Tharyz  multifilii  sp.  nov.  (Piate  IX,  fig.  48). 

The  type  (a  male)  is  58  mm.  long  and  has  a  maximum  diameter  at 
the  end  of  the  anterior  third  of  2.1  mm.  The  segments  nimiber  240. 
A  female  is  slightly  smaller  and  more  slender. 

Prostomium  (fig.  43)  a  short  sUghtly  depressed  cone  with  a  rather  deep 
ventral  longitudinal  groove  and  just  anterior  to  it  a  transverse  one. 
No  eyes  visible,  though  there  is  a  sUght  discoloration  near  the  posterior 
border.  A  pair  of  sweUings  behind  and  above  mouth  are  the  nuehal 
organs,  but  there  is  no  trace  of  appendages. 

Peristomium — probably  representing  three  coalesced  segments — 
a  large,  swollen,  apodous  region  about  twice  as  wide  and  long  as  the 
prostomium  and  marked  with  one  or  two  partial  furrows.  Mouth 
large,  with  smooth  lips. 

Remaining  segments  setigerous,  the  anterior  region  about  six 
millimeters  long,  consisting  of  about  sixty  excessively  short  segments, 
twelve  to  twenty  times  as  wide  as  long,  depressed  and  somewhat 
widened.  Behirid  this  the  body  is  nearly  terete,  slightly  flattened 
below  and  composed  of  longer,  feebly  separated  segments  about  six 
to  eight  times  as  long  as  wide.  Segments  ali  perfectly  simple  and 
uniannular.  The  body  increases  in  diameter  through  the  anterior 
third  and  then  tapers  gradually  to  the  caudal  end,  terminated  by  a 
minute  pygidium  with  its  centrai  anus  surrounded  by  a  welt-like  rim. 
A  narrow  neural  groove  extends  for  the  entire  length  and  forks  at  the 
peristomium  to  embrace  the  mouth. 

Parapodia  consisting  of  minute  setigerous  notopodial  and  neuropodial 
tubercles,  the  latter  situated  dose  to  the  ventral  surface  at  the  foot  of 
the  strongly  arched  dorsum.  Immediately  above  the  first  arises  the 
pair  of  large  davate  tentacular  cirri,  which  have  a  diameter  nearly 


Digitized  by 


Google 


268  PROCEEDINGS  OF  THE  ACADEMY  OP  [Aprii, 

equal  to  the  length  of  the  prostomium  and  a  length  of  nearly  one- 
third  the  body,  grooved  and  crenulated  for  the  entire  length,  narrow 
at  the  base  and  becoming  gradually  thicker  toward  the  distai  end. 
One  specimen  bears  a  pair  of  minute  branchiae  on  this  segment;  on 
the  other  they  begin  on  the  foDowing  segments.  The  branchiae  are 
very  delicate  extensile  vascular  filaments,  which  in  ali  cases  arise  in 
actual  contact  with  the  dorsal  side  of  the  notopodium.  In  perfect 
specimens  they  probably  occur  on  every  segment  except  about  twenty 
at  the  caudal  end,  but  in  both  of  the  two  here  described  they  are  small 
or  absent  on  many  of  the  middle  ones.  In  the  anterior  depressed 
region  they  are  more  firmly  attached  and  longer  than  elsewhere, 
occur  regulariy  on  every  segment  and  form  a  crowded  tangled  mass. 

Setae  perfectly  simple,  coloriess,  smooth,  slender  capillaries,  forming 
small,  spreading,  fan-shaped  notopodial  and  neuropodial  tufts  ;  except 
that  the  notopodials  are  longer  than  the  neuropodials  and  the  anterior 
longer  than  the  posterior  they  are  ali  exactly  alike,  the  longest  equaling 
one-half  the  body  diameter. 

Color  of  male  pale  brownish,  of  female  deep  slate  color. 

Since  the  type  of  the  genus  Heterodrrus  has  been  shown  to  be  an 
epitokous  phase  of  Dodecaceria,  the  next  available  name  for  such 
forms  as  Heterocirris  mvUibranchis  and  the  present  species  is  Tharyx 
Webster  and  Benedict. 

Bodeooceria  paoiflea  (Fewkes)  (Piate  IX,  flg.  44). 

Sabella    Pacifica    Fewkes,  BuU.  Easex  Inst.,  XXI  (1889),  pp.  132,  133; 
PI.  VII,  figs.  1,  2. 

More  than  a  score  of  well-preserved  examples  of  this  species  permit 
of  the  preparation  of  a  description  more  complete  than  the  originai. 

Usuai  length  30  to  40  mm.,  but  sometimes  extended  to  nearly  twice 
that  length;  maximum  diameter  about  1  nmi.;  number  of  segments 
from  90  to  110. 

Body  generally  terete,  usually  slightly  enlarged  in  the  middle  and 
tapered  a  little  each  way,  but  often  depressed  and  distinctly  widened 
at  the  posterior  end;  irregular  enlargements  and  constrictions  often 
present  at  one  or  two  other  points.  When  depressed  the  venter  is 
fiat,  the  dorsum  convex. 

Prostomiimti  and  peristomium  completely  coalesced,  together  form- 
ing a  subconical  head  about  one  and  one-half  times  as  long  as  wide, 
entirely  without  definite  appendages,  but  with  a  pair  of  small  dorsal 
spots  which  probably  represent  the  nuchal  organs.  The  anterior 
half,  representing  the  prostomium,  is  a  somewhat  scoop-like,  broadly 
rounded  lip  deeply  excavated  below  and  overhanging  the  mouth, 
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f rom  the  sides  of  which  project  a  pair  of  small  lobes  probably  repre- 
senting  palpi;  these  lobes  and  the  ventral  surface  of  the  lip  are  pale, 
in  sharp  contrast  to  the  nearly  black  surface  of  the  remainder  of  the 
head.    The  posterior  or  perìstomial  half  is  a  simple  naked  ring. 

Several  of  the  immediately  succeeding  metastomial  segments  are 
very  short,  but  those  following  become  gradually  longer  until  they 
are  one-fourth  or  one-third  as  long  as  wide,  but  caudally  they  again 
become  very  short  and  crowded  and  end  in  a  simple  pygidium  with 
rather  large  centrai  anus. 

The  first  metastomial  segment  (II)  bears  a  dorsal  pair  of  simple 
terete  branchial  filaments  or  notocirri  which  in  extension  are  smooth 
and  three  or  four  times  as  long  as  the  head  and  in  contraction  trans- 
versely  wrinkled  and  much  shorter;  ventral  to  these  is  a  pair  of  usually 
shorter  and  thicker  neurocirri  or  prehensile  tentacles  which  aregrooved 
along  the  ventral  face  and  transversely  wrinkled.  The  latter  vary 
much  in  length  in  different  specimens,  being  in  some  less  than  the 
diameter  of  the  body,  in  others  more  than  three  times  the  diameter. 
Notocirral  branchi»  also  occur  on  from  seven  to  ten  next  succeeding 
segments  (III  to  IX  or  XII).  Of  these  the  first  three  are  commonly 
larger  than  that  on  II,  and  because  of  the  dorsal  position  of  the  latter 
and  the  extreme  shortness  of  the  segments  Uè  at  successivdy  lower 
levels  in  a  nearly  vertical  series;  the  fifth  and  succeeding  pairs  arise 
immediately  dorsal  to  the  notopodial  setse  and  on  the  same  levd  as 
the  fourth  pair.  Specimens  from  the  vicinity  of  Monterey  Bay  bave 
the  fifth  and  rarely  the  sixth  pair  nearly  as  long  as  the  more  anterior, 
but  on  those  from  San  Diego  they  are  always  much  shorter  like  the 
remaining  more  caudal  pairs,  the  last  of  which  are  usually  mere 
rudiments. 

Parapodia  very  smeli,  lateral  notopodial  and  ventro-lateral  neuro- 
podial  tubercles  separated  by  a  small  interrai.  Small  tufts  of  notopodial 
and  neuropodial  setae  begin  on  II.  On  from  eight  to  eleven  segments 
they  are  ali  slender,  finely  serrate  setae,  most  numerous  and  longest  in 
the  notopodia,  in  which  they  may  be  as  long  as  their  segment  or  longer. 
At  from  IX  to  XII  two  stout  yellow  spines,  bifid  and  hooked  at  the 
end,  appear  in  the  neuropodium  and  a  few  segments  caudad  similar 
ones  in  the  notopodium.  They  may  be  accompanied  by  and  alternate 
with  two  or  three  minute  capillary  setse,  but  by  about  XX  and  ali 
through  the  middle  region  spines  alone  are  present,  from  two  to  four 
occurring  in  each  fascicle  and  the  neuropodial  (PI.  IX,  fig.  44)  being 
decidedly  stouter  with  the  terminal  prong  slightly  hooked,  flattened 
and  excavated.    Notopodials  straighter,  less  hooked  and  more  fiat- 
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tened  distally.  In  the  posterior  fourth  the  spines  of  both  fascicles 
become  less  stout,  straighter  and  associated  witb  capillary  setae  which 
gradually  increase  in  length  and  finally  displace  the  spines  altogether. 

In  the  preserved  state  these  worms  are  perfectly  opaque  and  of  a 
deep  sooty  black  or  sometimes  a  bluish  black,  especially  deep  and 
uniform  in  the  San  Diego  examples,  but  some  of  them  become  more 
or  less  brown  in  the  middle  or  anterior  regions.  Ventral  face  of 
prostomium,  groove  of  prehensile  neurocim  and  bases  of  branchial 
notocirri  pale. 

About  fifteen  examples  were  taken  at  Third  Beach  Point,  licinity^ 
of  Monterey  Bay,  on  July  6,  1905,  and  about  thirty  at  San  Diego. 
Most  of  these  are  mature  and  contain  nearly  ripe  ova  or  sperm  balls. 

^jirbBBIjLID^. 
Tereb«Ua  oalifornioa  Moore. 

Teréìella  (Schmardanella)  caUfornica  Moore,  Proc.  Acad.  Nat.  Sci.  Phila., 
1904,  pp.  496^98;  PI.  XXXVIII,  figs.  36,  37. 

This  species  is  quite  plentiful  at  San  Diego,  living  in  burrows  in  the 
beach  at  low  water.  Including  the  lot  upon  which  the  originai  descrip- 
tion  was  based,  about  thirty  specimens  occur  in  the  collection.  Several 
are  packed  full  of  eggs  and  some  of  them  are  much  longer  than  the 
type,  reaching  130  mm.  The  number  of  setigerous  segments  varies 
f  rom  25  to  28. 

Amphitrite  robagts  Johnson. 

Amvhitrite  robusta  Johnson,  Rroc.  Bos.  Soc.  Nat.  Hist.,  XXIX  (1901),  pp. 
425,  426;  PI.  16,  figs.  164-168. 

A  single  example  taken  at  San  Diego  is  a  female  stuffed  with  eggs. 

It  is  about  105  mm.  long,  the  first  deven  thoracic  segments  being 

11  mm.  long  and  equal  to  the  greatest  width  of  the  thorax. 

Lanioe  htterobranohia  Johnson. 

Lanice  het^robranchia  Johnson,  Proc.  Bos.  Soc.  Nat.  Hist..  XXIX  (1901), 
pp.  427;  PI.  17,  figs.  172-174. 

Sari  Diego.    A  single  small  macerated  Lanice  probably  represents 
this  species,  with  the  description  of  which  it  is  in  accord,  except  that 
the  terminal  twigs  of  the  branchiae  are  f  ewer. 
Pista  «longata  sp.  nov.  (Piate  IX,  flgs.  45-47). 

Form  rather  slender  and  elongated,  davate,  the  somewhat  thickened 
thorax  followed  by  a  constriction  in  the  anterior  abdominal  region; 
posteriorly  gently  tapered  to  the  pygidiimi.  Length  160-192  mm., 
of  which  the  thorax  is  25-28  mm.  ;  diameter  of  thorax  5  mm.  Number 
of  segments  176-240,  20  belonging  to  the  thorax. 

Prostomium  a  prominent,  stifif,  broad  and  simply  arched  upper  lip. 
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behind  which  is  the  broad,  tumid  crescentic  tentacular  ridge,  hearing 
the  very  numerous  tentacles  in  about  eight  transverae  rows. 

Peristomium  very  short  and  obscure  dorsally;  ventrally  prolonged 
into  a  prominent  scoop-like  fold  hearing  a  tumid  lower  lip  and 
produced  laterally  into  a  pair  of  rather  prominent,  broadly  roimded 
wings.  Next  three  segmenta  short,  somewhat  depressed,  and  branch- 
iferous.  A  pair  of  prominent,  rounded,  lateral  wings  arise  at  a  level 
somewhat  more  dorsal  than  those  on  the  peristomium  and  conceal 
the  greater  part  of  the  sides  of  II.  Remaining  thoracic  somites  are 
much  longer  and  subterete,  3  or  4  annuiate,  with  prominent,  glandular 
parapodial  areas  and, the  dorsal  and  ventral  fields  much  transversely 
wrinkled.  Ventral  gland  plates  on  II  to  XIII  inclusive,  but  ali  rather 
inconspicuous  and  the  first  especially  small.  Abdominal  segmenta 
very  numerous,  flattened  and  muscular  below,  arched  and  thin-walled 
above.  Pygidium  annular  with  a  brownish  thickened  rim  hearing 
a  circle  of  about  sixteen  small,  equal  papillse  surrounding  the  large 
anus. 

Gills  three  pairs,  on  II,  III  and  IV;  except  in  one  case  ali  present 
and  well  developed,  symmetrical,  usually  decreasing  in  sizefrom  before 
caudad,  those  of  the  middle  pair  arising  at  a  slightly  lower  level  than 
the  others.  Owing  to  their  great  contractility  they  differ  much 
in  form  and  appearance,  but  are  strictly  aborescent  and  more  or  less 
open  according  to  the  degree  of  contraction.  When  fully  extended 
the  stem  is  a  smooth,  tapering  column  having  a  length  equaling  or 
exceeding  the  thoracic  diameter  and  hearing  at  the  sunmiit  four  or 
fi  ve  main  branches,  each  of  which  again  divides  about  six  times  and 
terminates  in  slender  tapered  filaments.  The  pian  of  division  is 
dichotomous  but  irregularities  are  numerous,  and  although  the  trunk 
cannot  be  traced  through  the  crown,  one  branch  of  a  pair  is  usually 
larger  than  the  other  and  frequently  a  single  long  tapering  filament 
occurs  opposite  the  point  of  origin  of  a  branch  of  any  order.  When 
contracted  the  branches  appear  short  and  cylindrical,  with  the  fila- 
ments in  crowded  terminal  tufts.  The  latter  are  readily  detached  and 
regenerated. 

Setigerous  tubercles  begin  on  IV  and  continue  for  seventeen  seg- 
ments  or  to  XX.  They  are  large,  prominent,  well  separated  from 
the  tori,  somewhat  flattened  and  bear  broad  fascicles  of  setae.  The 
first  pair  (on  IV)  are  smaller,  and  small  papilliform  cirri  occur  behind 
the  setigerous  tubercles  of  VI  to  X  inclusive.  Uncinigerous  tori 
well  marked  and  regular,  retractile  ridges  separated  from  the  setiger- 
ous tubercles  by  an  interval  exceeding  the  diameter  of  the  latter. 
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The  first  six  (V-X)  with  uncini  in  one  row  and  having  a  length  of 
about  twice  the  segment  hearing  them,  the  others  with  uncini  in  two 
interìocking  series  and  at  first  abruptly  much  longer,  but  the  caudal 
three  or  four  again  shorter  and  shifting  on  to  the  venter  behind  the 
ventral  plates.  Abdominal  tori  small  but  prominent,  latero-ventral 
lappets  hearing  a  single  series  of  uncini  sunken  below  a  raised  border 
and  terminating  dorsally  in  a  short  cirrus-like  projection. 

SetflB  pale  yellow,  numerous,  arranged  in  two  ranks  in  broad  fas- 
cicles,  those  of  one  rank  shorter,  but  ali  rather  long,  tapered,  acute, 
""biiimbate  with  rather  broad  but  not  extensive  margins  and  entire, 
unfringed  tips. 

Uncini  deep  yellow  on  thorax,  paler  on  abdomen.  On  first  six 
thoracic  and  ali  abdominal  tori  in  a  single  series  pointing  forward,  on 
XI  to  XX  in  doublé  interìocking  series.  About  40  on  V  to  VII,  50  on 
VIII-X,  80-85  on  XI  to  XV  and  50-60  on  XVI  to  XX.  Anterior 
abdominal  tori  bear  about  70  uncini.  On  somites  V,  VI  and  VII  they 
are  large,  with  long  tapered  handle-like  bases  (PI.  IX,  fig.  45)  and  a 
prominent  anterior  projection  for  muscular  attachment;  the  beak  is 
long  and  nearly  straight,  the  crest  composed  of  a  single  transverse 
series  of  large  teeth  and  the  guard  large.  These  characters  are  most 
pronounced  on  V  and  graduaUy  decline  on  VI  and  VII.  On  VIII 
to  X  the  uncini  are  transitional  to  the  typical  form  (PI.  IX,  fig.  46), 
which  on  the  posterior  thoracic  somites  has  the  manubrium  much 
reduced  and  chiefly  replaced  by  a  thin,  tranelucent,  ligamentous 
expansion,  the  base  short  and  triangular,  the  beak  strongly  hooked, 
short  and  stout  and  the  crest  mora  elevated  and  composed  of  about 
three  transverse  series  of  teeth  of  diminishing  size.  Abdominal 
uncini  (PI.  IX,  fig.  47)  stili  smaller  with  reduced  convex  bodies,  acute, 
strongly  hooked  beak,  high  crest  composed  of  numerous  teeth  and 
long  filamentous  anterior  and  posterior  ligaments. 

Color  in  alcohol  uniform  dark  brown. 

This  specìes  ìs  founded  on  four  specimens  taken  between  tides  at 
San  Diego  by  E.  C.  Starks.  It  differs  from  the  Alaskan  species  pro- 
visionally  referred  to  P.  fasciata  in  the  much  greater  length  and  more 
numerous  abdominal  segments;  in  the  smaller  lateral  wings,  the 
absence  of  a  post-branchial  fold  and  espeeially  in  the  form  of  the 
branchia.  It  is  closely  related  to  the  Japanese  species  P,  maculata 
Marenzeller  which  has  a  similarly  elongated  body,  three  pairs  of  simi- 
larly  branched  gills  and  uncini  of  simìlar  form.  The  principai  dis- 
tinctions  are  that  the  latter  has  larger  and  more  numerous  ventral 
plates  and  no  distinct  second  pair  of  lateral  wings. 
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Pista  (SoioBopgU)  alata  8p.  nov.  (Piate  IX,  figs.  48-^1). 

Form  moderatdy  stout,  widest  and  somewhat  depressed  anteriorly, 
tapered  regularly  to  caudal  end.  Length  of  type  63  mm.,  maximum 
width  at  X  9  mm.  Number  of  s^ments  94,  in  addition  to  a  few 
scarcely  differentiated  ones  at  the  caudal  end. 

Prostomium  rather  small  but  prominent,  thickened,  arched,  its 
sides  eontinued  ventrad  to  nearly  enclose  the  mouth,  bdow  which 
they  end  in  a  pair  of  short,  thick  lobes  each  bounded  laterally  by  a 
slight  indentation.  Tentaculiferous  ridge  low  and  thick,  hearing 
numerous  tentacles  arranged  in  a  single  transverse  row  in  the  mediai 
and  in  two  transverse  rows  in  the  lateral  part.  Tentacles  numerous, 
rather  short  and  thick,  very  slightly  attached  by  a  contracted  base 
and  deeply  grooved  or  folded  for  most  of  their  length.  Many  of  the 
dorsalmost  ones  are  short  and  imperfectly  developed. 

PeristomiimoL  and  two  or  three  immediately  following  segments 
short,  contracted  and  terete.  Peristomiiun  produced  into  a  promi- 
nent ventral  fold  with  a  deep  median  emargination,  on  each  side  of 
which  it  spreads  laterally  as  a  great  flaring  wing  reaching  dorsally  to 
the  level  of  the  setigerous  tubercles.  Somites  II  and  III  are  distinct 
dorsally  and  ventrally  but  confoimded  laterally.  The  anterior  margin 
of  the  former  is  produced  on  the  ventral  surface  as  a  sUght  fold. 
Beginning  at  the  sides  of  the  ventral  piate  of  III  is  a  pair  of  conspicuous 
wings  which  extend  obliquely  up  the  sides  of  III  and  the  anterior 
margin  of  IV  and  which  are  imited  across  the  dorsum  of  the  latter  by  a 
transverse  fold  hearing  a  prominent  median  forward  projection. 

Posterior  to  the  branchial  region  the  thoracic  segments  develop 
prominent  glandular  thickenings  along  the  parapodial  fìeld,  as  a  result 
of  which  they  are  wider  than  deep.  Behind  X  the  thoracic  region 
tapers  into  the  abdomen,  the  transition  into  which  is  somewhat  abrupt. 
Annulation  of  the  somites  is  obscure,  only  the  posterior  thoracic  and 
anterior  abdominal  showing  faint  indications  of  subdivisions.  There 
,  are  fourteen  well-marked  ventral  plates,  the  first  on  III,  the  last  on 
XVI,  behind  which  more  obscure  wrinkled  and  subdivided  areas 
continue  to  the  end  of  the  thorax.  The  first  five  are  short,  about 
four  or  five  times  as  wide  as  long.  The  others  are  very  smooth, 
apparently  very  vascular  and  probably  deep  red  in  Ufe,  the  relative 
width  gradually  increasing  from  equaUty  to  the  length  to  doublé  it, 
the  greatest  width  in  ali  cases  being  anterior,  so  that  the  entire  series 
appears  serrated  laterally.  By  the  sides  of  each  is  a  pair  of  rough 
glandular  areas  which  posterior  to  XVI  become  united  with  the  gland- 
idar  ventral  areas,  giving  them  an  irregular  polygonal  outline  and 
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roughened  surface.  Slight  traces  of  similar  structures  continue  on 
to  a  few  anterior  abdominal  segmento.  Middle  and  posterior  abdomi- 
nal  segmento  are  marked  about  the  middle  in  the  parapodial  zone  by  a 
distinct,  elevated,  glandular  ring,  the  remainder  of  the  body  wall  being 
relatively  thin  and  translucent.  Pygidium  slightly  expanded  and 
bent  dorsad,  the  large  anus  surrounded  by  a  raised  border. 

Branchia^  two  pairs,  on  somites  II  and  III,  when  contracted  par- 
tially  protected  by  the  lateral  wings  and  dorsal  fold.  As  in  Sdonopsia 
palmata  Verrill  they  are  very  unequally,  asynmietrically  and  irregu- 
lariy  developed.  Both  specimens  have  ali  four  present.  On  the  type 
the  right  anterior  is  much  the  largest  and  situated  exactly  in  the  median 
line,  the  left  anterior  is  very  amali;  those  of  the  posterior  pair  are 
symmetrical  in  position  and  dose  to  the  median  line,  and  intermediate 
in  size  between  thoèe  of  the  anterior  pair,  that  of  the  left  side  being 
slightly  larger.  The  cotype  has  the  anterior  left  largest,  then  the 
posterior  right,  the  posterior  left  and  the  anterior  right  quite  small. 
The  well-developed  branchise  consist  of  a  rather  tali,  column-like 
trunk  which  at  once  divides  into  several  (3  to  6)  nudn  limbs  which 
diverge  and  spread  more  or  less  horizontally.  Each  m^n  limb  consisto 
of  a  tapering,  strongly  zigzag  axis  which  may  be  traced  to  the  tip  and 
gives  rise  at  each  bend  to  similar  lateral  branches  which  also  spread 
horizontally  and  divide  into  branches  of  the  third  order.  Most  of  the 
latter  bear  two  to  six  slender  filamento  which  occasionally  bifurcate 
or  divide  even  farther  and  are  usually  (but  not  always)  confined  to 
one  side  of  the  branch.  Thus  is  produced  a  very  beautiful  and  charac- 
teristic  plume-like  structure  more  or  less  complexly  branched  according 
to  the  size  of  the  gill  and  having  nearly  the  form  of  a  branch  of  certain 
species  of  the  plant  Selaginella.  The  main  divisions  of  the  large  gill  of 
the  type  specimen  spread  synmietrically  and  are  so  large  that  the 
secònd  pair  of  gills  is  completely  concealed  beneath  their  posterior 
limbs,  although  these  are  much  shorter  than  the  anterior  limbs. 

Setigerous  tubercles  occur  on  somites  IV  to  XX  inclusive,  separated 
from  the  uncinigerous  tori  by  a  slight  interval  and  nearly  in  line  with 
them.  They  are  nearly  cylindrical  but  somewhat  compressed  antero- 
posteriorly.  Thoracic  uncinigerous  tori  b^gin  on  V  and  are  raised  on 
thickened  glandular  areas.  The  first  two  are  longer  than  the  othere 
which  are  of  nearly  uniform  length.  Nephridial  papillae  exist  above 
those  of  VII  to  XVI  at  least.  Abdominal  tori  are  small  but  prominent 
and  decrease  in  vertical  extent  caudad.  Ali  are  distinctly  bilobate, 
having  the  angles,  especially  the  dorsal  angle,  produced,  bent  forward 
and  free  from  uncini. 
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Setse  in  promìnent  flattened  fasciclee^  arranged  in  two  series  of 
about  fourteen  to  sixteen  each,  those  of  the  anterìor  row  about  one- 
half  as  long  as  those  of  the  other.  Rather  stout  (PI.  IX,  fig.  48),  pale 
yellow,  slightly  curved  and  tapered  to  an  acute  tip,  bilimbate  with 
well-marked,  lanceolate,  entire  but  striated  blades  rather  wider  on 
the  convex  side.  Uncini  in  single  series  pointing  forward  on  somites 
V  to  X  and  on  ali  abdominal  somites,  in  doublé  interlocking  series 
on  somites  XI  to  XX,  105  on  V,  98  more  crowded  on  VII,  and  about 
65  in  each  row  on  XII.  On  abdominal  tori  their  number  decreases 
from  before  caudad,  there  being  32  on  XXI,  25  on  XXXV,  etc.  Uncini 
of  somites  V  to  VII  (PI.  IX,  fig.  49)  bave  the  base  prolonged  into  a 
slender  manubrium  with  a  thin  membranous  border  and  a  prominent 
anterior  angle,  the  beak  is  long  and  slender  and  the  low  crest  f ormed 
of  a  few  large  teeth;  guard  slightly  developed.  On  somites  Vili  to 
X  the  manubrium  becomes  gradually  reduced  and  the  remaining 
thoracic  tori  bear  uncini  of  the  form  shown  in  fig.  50,  which  bave 
the  base  short,  without  a  manubrium,  convex  below,  with  slender 
ligament,  well  developed  guard,  stout  beak,  and  high  crest  of  several 
transverse  rows  of  teeth.  Abdominal  uncini  (fig.  51)  are  smaU,  with 
short  base  convex  below  and  provided  with  slender  anterior  and 
posterior  ligaments,  no  guard  and  beak  and  crest  nearly  as  in  posterior 
thoracic  uncini. 

The  color  has  faded,  but  in  life  is  probably  phiefly  translucent  green 
or  olive  green,  with  scattered  flakes  of  white  and  deep  red  blood  spots 
behind  the  ventral  plates  and  below  the  setigerous  tubercles. 

Type  locaUty,  San  Diego;  E.  C.  Starks,  collector.  Two  specimèns, 
the  type  a  female  filled  with  large  eggs. 

Thelepnt  orìspus  Johnson. 

Thdepus  crispus  Johnaon,  Proc.  Bos.  Soc.  Nat.  Hist.,  XXIX,  p.  428;  PI.  17, 
figa.  175-178Ò. 

Common  at  both  San  Diego  and  Monterey;  at  the  former  between 
tides  and  at  the  latter  above  and  below  low  water.  At  Monterey  Bay 
specimèns  were  taken  at  "big  tide  pool,"  June  28,  1904,  point  above 
Third  Beach,  July  12, 1904,  and  dredged  at  Delmonte  wharf ,  same  date. 

Young  and  half-grown  examples  possess  numerous  eyes,  but  fuU- 
grown  ones  are  nearly  or  quite  eyeless.  Ali  specimèns  examined  by 
me  bave  the  deep  end  of  the  uncini  narrower  than  in  Johnson 's  figure 
and  the  knob  terminal  with  no  projection  beyond  it.  The  uncini 
differ  constantly  from  those  of  T.  hamatvs  in  the  prominence  of  ihe 
large  crest  teeth,  while  the  row  of  smaller  apical  teeth  is  very  little 
developed  or  absent.    Those  of  T,  hamatìis,  on  the  contrary,  have 
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the  crest  teeth  less  prominent  but  more  numerous  and  subdivided. 
The  tubes  reBemble  those  of  T.  dncinnatua  ;  sometimes  they  are  covered 
wìth  shell  sand. 
Polyoirrns  ip.  ?  (Piate  IX,  flg.  64). 

A  much  macerated  Polycirrus,  dredged  at  Dehnonte  wharf ,  Monterey 
Bay,  on  July  12,  1904,  has  uncini  very  closely  resembling  those  of  P. 
awrardiacua  (Grube)  Malmgren,  but  is  too  imperfect  for  deficription. 

Polyoimit  oalifomieut  ip.  nov.  (Piate  IX,  fl^.  62,  58). 

The  type  is  28  mm.  long,  about  1.5  mm.  in  maximum  diameter  and 
has  65  segments,  28  of  which  are  setigerous. 

Prostomium  large,  projecting  far  forward  as  a  long,  narrow,  highly 
arched  lobe  shaped  much  like  the  inverted  bowl  of  a  spoon,  about 
twice  as  long  as  wide  and  equaling  the  first  four  segments.  No  eyes. 
Tentacles  very  numerous,  forming  a  densely  tangled  mass  which 
conceals  much  of  the  anterior  end  of  the  body,  of  two  kinds,  one  very 
slender  and  deUcate,  slightly  enlarged  distally  and  arising  from  a  pair 
of  lateral  areas,  the  other  stouter  with  thin  marginai  expansions  and 
arising  from  a  transverse  band  near  the  anterior  border  of  the 
tentaculiferous  area. 

Peristomium  a  short,  simple  ring  bounding  the  mouth;  other  seg- 
ments var3dng  in  size  with  the  degree  of  distention  of  the  coelom,  the 
anterior  ones  f aintly  biannulate  and  the  intersegmental  furrows  usually 
rather  obscure;  dorsum  smooth  and  strongly  arched,  a  longitudinal 
furrow  immediately  above  the  setigerous  tubercles.  Venter  with  a 
deep  neural  groove  bounded  by  prominent  lateral  muscular  ridges 
supporting  the  parapodia. 

First  ventral  piate  entire,  equilaterally  triangular,  the  apex  forward, 
extending  the  entire  length  of  the  peristomiiun  and  somite  II,  foUowed 
by  eight  short,  oblong,  ventral  plates,  each  divided  into  equal  quadrate 
halves  by  the  deep  neural  groove,  the  first  five  reaching  the  full  length 
of  somites  III  to  VII,  the  remaining  three  on  segments  VII  to  X  being 
reduced  in  size. 

The  last  ten  or  twelve  segments  taper  very  rapidly  to  a  minute 
simple  pygidium.    Ccelom  packed  full  of  small  eggs. 

Setigerous  tubercles  begin  on  II  and  continue  to  XXIX  (inclusive). 
They  are  small,  project  dorsad  and  laterad  and  bear  small  fan-shaped 
fascicles  of  delicate  colorless  setse  arranged  in  pairs  of  a  small  simply 
capillary  setse  and  a  longer  limbate  one.  After  about  XX  the  fas- 
cicles become  much  smaller  and  inconspicuous.  Tori  begin  on  XIV, 
at  least  no  trace  of  uncini  can  be  detected  anterior  to  this  segment. 
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At  first  they  are  long,  narrow  ridges  reaching  nearly  to  the  middle 
line  and  hearing  a  single  seriee  of  ahout  sixty  uncini.  Posterior  to  the 
setigerous  region  the  tori  are  shorter  and  thicker  and  bear  only  about 
forty  uncini. 

Uncini  are  small  and  delicate,  the  base  with  prominent  posterior 
angle,  the  rostrum  slender  and  acute  and  about  half  as  long  as  the 
base,  crest  with  two  large  profile  teeth.  Anterior  uncini  (PI.  IX, 
fig.  62)  have  the  base  less  produced  and  blunter  in  front  than  those 
from  posterior  tori  (PI.  IX,  fig.  53). 

The  uncini  closely  resemble  those  of  P.  nervosiis  v.  Marenzeller, 
but  the  latter  has  thirty-two  setigerous  segments  and  dififers  in  the 
character  of  the  tentacles,  the  ventral  plates  and  other  features. 

Besides  the  type  there  is  one  additional  incomplete  specimen,  both 
having  been  taken  at  San  Diego. 

AMPHIOTENIDiE. 

Peotinaria  breviooma  Johnson. 

Pectinaria  hrevicoma  Johnson,  Proc.  Bos.  Soc.  Nat.  Hist.,  XXIX  (1901),  pp. 
423,  424;  PI.  15,  figs.  151-156. 

A  single  specimen  taken  at  Delmonte  wharf,  in  the  vicinity  of 
Monterey  Bay,  on  July  12,  1904,  agrees  with  Johnson's  description. 
The  tube  is  constructed  of  coarse  sand  grains. 

OAPITWTiTilDiE. 
Notomastus  tennis  sp.  nov.  (Piate  IX,  fig.  55). 

A  slender  elongated  worm,  the  single  example  of  which  is  macerated 
in  the  middle  but  well  preserved  at  the  ends.  The  two  pieces  prob- 
ably  represent  a  nearly  or  quite  complete  worm  which  is  118  mm. 
long  and  .8  mm.  in  diameter.  Thoracic  segments  number  12  and 
abdominal  191.  The  thorax  of  12  segments  is  davate,  the  anterior 
half  thickened,  the  posterior  gradually  narrowed,  the  abdomen 
abruptly  expanded  to  equal  the  maximum  width  of  the  thorax,  then 
tapering  gently  to  the  pygidiimi. 

Prostomium  conical,  pointed,  with  a  few  specks  of  pigment  scattered 
along  the  sides;  when  retracted  somewhat  inflated  and  completely 
closing  the  mouth. 

Peristomiiun  simple,  achsetous.  Thorax  davate,  terete,  smooth 
and  scarcdy  iridescent,  the  intersegmental  furrows  faint;  widest  seg- 
ment  about  two-fifths  as  long  as  wide,  narrowest  two-thirds  as  wide 
as  long,  most-  of  them  equally  and  obscurdy  biannulate,  the  inter- 
annular  furrow  with  a  backward  bend  or  inset  into  the  succeeding  one 
at  the  position  of  the  lateral  organs.    Neiu'opodia  and  notopodia 
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represented  by  small  linear  depressed  tufts  of  capiUary  set»,  the 
notopodial  setse  fewer  and  lesa  crowded. 

Anterior  and  posterior  abdominal  segments  are  rélatively  short 
(one-half  to  two-thirds  as  long  as  wide)  and  separated  by  deep  inter- 
s^mental  furrows;  in  the  middle  macerated  region  the  segments  are 
stretched  to  about  twice  their  diameter.  Except  at  the  posterior  end, 
where  the  segments  are  somewhat  angulated,  the  body  is  terete. 
Pygidium  (poesibly  regenerated)   a  simple,  short,  subconieal  ring. 

No  gills,  genital  pores,  or  lateral  sense  organs  are  visible. 

Abdominal  tori  are  short  and  scarcely  visible.  The  anterior  noto- 
podia  bear  about  ten  and  the  posterior  about  six  crochets,  while 
anterior  neuropodia  bave  16-18  and  posterior  neuropodia  about  10 
crochets. 

Crochets  (PI.  IX,  fig.  55)  very  small  and  ali  alike,  with  a  distinct 
shoulder  and  a  sweUing  neck  hearing  a  very  small  head  enclosed  in  a 
large  hood. 

San  Diego,  Cai.  ;  type  only  known. 
Bimotomastat  ^rdiodot  sp.  nov.  (Piate  IX,  fig.  66). 

Evidently  an  elongated  and  slender  species,  but  none  of  the  speci- 
mens  is  nearly  complete.  The  longest  pieces  are  60  mm.  long  and 
1  mm.  diameter. 

Prostomium  a  minute  blunt  palpode  hearing  a  pair  of  nuchal  organs. 

Peristomium  a  truncate,  subconieal,  smooth  segment  slightly  longer 
than  somite  II  and  somewhat  constricted  about  the  middle.  A  pair 
of  small  spots  probably  represent  openings  of  the  lateral  oi^ans. 

The  thorax  consists  of  seventeen  setigerous  segments  in  addition 
to  the  peristomium,  terete,  of  nearly  uniform  diameter,  slightly  con- 
tracted  toward  the  posterior  end,  very  smooth  and  with  faint  and 
often  obsolete  intersegmental  furrows.  Ali  of  these  segments  bear 
small  notopodial  and  neuropodial  tufts  of  setse,  the  former  separated 
by  a  distance  slightly  greater  than  the  latter.  A  very  faint  depressed 
spot  on  each  side  of  the  segment  somewhat  nearer  to  the  notopodia 
than  the  neiu'opodia  seems  to  be  the  orifice  of  the  lateral  organ;  and 
almost  equally  obscure  pores  at  the  same  levd  and  in  most  of  the 
posterior  intersegmental  furrows  may  be  genital  orifìces. 

Anterior  abdominal  segments  scarcely  differ  from  the  thoracic, 
being  similar  in  shape  and  proportions  but  less  polished  and  irideecent, 
farther  back  they  become  longer  but  remain  smooth  and  ill-defìned. 
The  largest  number  of  abdominal  segments  on  any  one  piece  is  ninety- 
five.  Abdominal  neuropodia  form  distinct  ventro-lateral  tori,  some- 
what elevated  and  glandular,  connected  ventrally  only  by  a  glandular 
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line  and  hearing  a  series  of  crochets  extending  over  about  one-sixth 
of  the  body  cireumference.  Notopodia  sunilar  but  smaller,  the  first 
bearing  capillaiy  set»,  the  others  crochets,  Number  of  neuropodial 
crochets  on  XIX  12-14,  on  XXV  32,  notopodìals  on  XXV  16. 

Posterior  abdominal  segments  bear  rather  conspicuous  tufted 
dorsal  gills,  each  consisting  of  eight  or  ten  short  filaments  arising 
dose  together  from  the  posterior  margin  of  the  segment  in  line  with 
the  notopodia.  The  most  anterior  of  these  gills  are  small  and  somè- 
what  pectinate,  farther  back  they  increase  in  size  until  the  filaments 
have  a  length  of  one-third  to  one-half  the  diameter  of  the  segnaents. 

Ali  setse  are  of  the  usuai  limbate,  capillary  form  with  very  slender 
tips.  The  crochets  (PI.  IX,  fig.  56)  have  a  distinct  shoulder,  a  neck 
that  gradually  ihcreases  in  diameter  to  a  rather  large  head  with  stout 
beak  and  high  crest  enclosed  in  a  short  but  much  inflated  hood. 

Each  of  the  specimens  is  enveloped  in  a  thin  membranous  tube 
covered  by  a  single  layer  of  loosely  attached  sand  grains. 

Taken  only  at  San  Diego  at  low  water  by  E.  C.  Starks;  four  speci- 
mens. 

As  both  this  species  and  the  type  of  Eunotomasius  are  known  from 
incomplete  specimens  it  is  by  no  means  certaih  that  E,  gordiodes 
is  correctly  referred  to  this  genus. 

BasybraneliiLS  gigantem  (Moore)  (Piate  IX,  flg.  57). 

Notomastua  giganteus  Moore,  Proc.  Acad.  Nat.  Sci.  PhUa.,  1906,  pp.  227, 
228;  PI.  X,  figa.  24,  25. 

Specimens  in  this  collection  much  better  preserved  than  the  type 
enable  me  to  correct  and  amplify  the  originai  description  and  to  correct 
the  generic  reference.  The  stout  form  and  large  size  are  of  course 
not  at  ali  noteworthy  in  the  genus  to  which  the  worm  is  now  referred. 

Prostomium  much  retracted  so  that  the  tip  alone  is  visible.  Pro- 
truded  proboscis  subglobular,  bulbous,  with  a  rosette-like  end  pre- 
senting  eight  sulcated  radiating  lobes  and  proximad  to  this  a  closely 
granulated  basai  ring. 

AH  six  specimens  have  twelve  thoracic  s^ments.  Peristomium 
about  as  long  as  succeeding  segments,  achsetous  and  biannulate. 
Remaining  thoracic  s^ments  setigerous,  strongly  biannulated  and 
areolated  on  the  surface.  Notopodial  and  neuropodial  fascicles  both 
simple  linear  tufts  borne  on  the  posterior  ring  just  behind  a  tenon- 
like  inset  of  the  anterior  ring.  Except  on  the  first  two  or  three  setiger- 
ous segments  the  neuropodial  fascicles  are  nearly  twice  as  wide  as  the 
notopodial  and  separated  by  a  ventral  interval  of  nearly  one-half 
the  body  diameter,  the  inter-ramal  interval  being  slightly  more  than 
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the  inter-notopodial  interval  on  anterior  s^ments  and  nearly  twice 
as  great  on  XII. 

Abdominal  segments  about  half  as  long  as  thoracic,  usually  irregu- 
larly  biannulate,  thickly  glandular  anterioriy  but  (except  at  the  tori) 
becoming  thin-walled  posterioriy.  Nenropodial  tori  extensive  low 
ridges,  reaching  on  anterior  segments  from  above  the  middle  leve! 
neariy  to  the  neural  line,  but  posterioriy  scarcely  half  as  long.  They 
beeome  more  elevated  dorsally  and  end  abruptiy  in  a  prominence, 
above  which  is  the  small  but  distinct  rounded  ovoid  lateral  organ. 
The  very  small  notopodial  tori  are  dorsal  and  connected  aerosa  the 
dorsum  by  a  low  transverse  fold.  Posterioriy  they  beeome  very 
obseure. 

Branchise  are  retractile  and  usually  obseure  anterioriy;  on  middle 
and  posterior  abdominal  segments  they  beeome  eonspicuous  bushy 
tufts  eomposed  of  numerous  (about  20-30)  filaments  arising  from 
the  posterior  end  of  the  notopodial  tori,  or  posterioriy,  where  the  tori 
beeome  obsolete,  replaeing  them. 

Abdominal  lateral  organs  are  distinet  only  posterioriy  where  the 
tori  beeome  widely  separated,  appearing  halfway  between  them  as 
small  rounded  elevations,  above  and  below  whieh  a  few  small  papiUae  are 
seattered.   Thoracie  lateral  organs  and  genital  pores  were  not  observed. 

The  originai  drawings  of  croehets  of  this  speeies  were  made  from 
imperfect  specimens  and  a  eorrected  representation  is  shown  in  fig.  57, 
Piate  IX. 

Six  specimens  of  this  speeies,  one  of  whieh  is  6  mm.  in  diameter, 
oeeur  in  the  Starks  coUeetion  and  were  taken  at  San  Diego  between 
tides. 

BasybranehiLS  glabnu  sp.  noy.  (Piate  IX,  fig.  58). 

Body  moderately  stout,  terete,  and  thiekest  anterioriy  where  it  is 
shaped  much  Uke  a  small  earthworm;  posterioriy  more  slender  and 
gently  tapered,  subquadrate,  flattened  below.  The  type  and  only 
specimen  is  45  mm.  long  vnth  a  maximimi  diameter  of  2.4  mm. 
Thoracie  segments  14,  abdominal  157. 

Prostomium  partially  retracted  within  the  eollar-like  anterior 
border  of  the  peristomium,  the  exposed  part  bluntly  rounded  anter- 
ioriy with  a  slight  ventral  longitudinal  furrow. 

Peristomium  a  long,  deeply  biannulate  segment  (perhaps  two  seg- 
ments) as  long  as  any  two  of  those  foUowing;  the  first  ring  is  marked 
by  several  shallow  furrows.  Entire  thorax  with  finn,  smooth,  thickly 
glandular  walls,  with  very  few  markings;  the  segments  ali  imiannulate 
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and  separateci  by  deep  intersegmental  furrows.  Thoracic  notopodia 
and  neuropodia  bear  short,  equal,  retractile  linear  tufts  of  setae,  the 
neuropodia  being  about  twice  as  far  apart  es  the  notopodia  and  the 
distance  between  the  latter  about  equaling  the  interramal  space. 
Lateral  sense  organs  quite  evident,  slit-Uke  pores  near  the  caudal 
border  of  the  segments  and  nearer  to  the  notopodia  than  the  neuro- 
podia. 

Abdominal  segments  very  short  and  much  crowded,  especially 
toward  the  anterior  end;  posteriorly  they  are  obscurely  biannulate 
and  less  crowded.  Anterior  abdominal  segments  are  terete  and  bave 
thick  glandular  walls  much  like  the  thoracic  segments;  farther  back 
the  walls  become  thinner  and  non-glandular  and  except  in  the  region 
of  the  tori  the  surface  is  granular,  and,  chiefly  owing  to  the  separation 
of  the  tori  dorsally  and  ventrally,  the  section  becomes  subquadrate. 
Anterior  abdominal  segments  have  no  distinct  tori,  but  bear  a  con- 
tinuous  line  of  sessile  crochets  which  appear  to  completely  encircle 
the  segment  at  the  middle.  After  about  the  twelfth  abdominal  seg- 
ment  a  slight  lateral  or  interramal  break  appears  and  gradually  widens 
until  the  notopodia  and  neuropodia  become  well  separated  and  distinct 
tori.  The  neuropodia  of  each  pair  remain,  however,  continuous 
across  the  neural  surface,  but  except  on  a  few  anterior  segments  the 
notopodia  are  discontinuous  and  posteriorly  become  separated  quite 
widely.  Lateral  sense  organs  are  obscure  on  anterior  abdominal 
segments,  but  on  middle  and  posterior  segments  become  distinct  though 
small  rounded  eminences.  Pygidium  probably  injured  as  it  is  divided 
into  several  very  irregular  lobes. 

Gills  appear  only  in  the  posterior  half  of  the  body,  usually  as  two, 
or  sometimes  three,  short,  hoUow,  sausagenshaped  filaments  issuing 
f rom  a  pore  immediately  dorsal  to  the  neuropodiimi. 

Thoracic  setae  are  exclusively  of  the  usuai  tapering  capiUary  form 
with  narrowly  bilimbate  ends.  Abdominal  segments  bear  exclusively 
very  numerous  crochets  of  one  form  in  both  notopodia  and  neuropodia 
(PI.  IX,  fig.  58).  They  are  slender  without  a  distinct  shoulder,  but 
with  a  subterminal  enlargement  that  tapers  to  a  small  head  with 
hooked  beak  and  three  small  teeth  in  the  vertex  of  the  crest,  the  end 
enclosed  in  a  somewhat  inflated  hood. 

The  type  was  taken  at  San  Diego  Bay  in  December,  1902. 

This  species  differs  from  t3rpical  members  of  the  genus  in  having 
two  more  than  the  usuai  number  of  thoracic  segments. 
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MAIiDAl^IDiB. 

Valdane  diiparidentata  Moore. 

Maldane  disvaridentata  Moore,   Proc.  Acad.  Nat»  Sci.  Phila.,   1904;  pp. 
494-496;  H.  XXXVIII,  fì^s.  28-31. 

ThÌB  speciee  occurs  in  the  collections  from  San  Diego  only,  but 
appears  to  be  quite  common  there. 

One  bottle  contains,  along  with  a  specimen  of  this  annelid,  a  small 

amphipod  determined  by  Prof.  S.  J.  Holmes  as  Melila  sp.  which  the 

label  States  lives  commensally  in  its  tube.    From  M.  ìnceps,  to  which 

it  is  most  neariy  rdated,  this  species  is  readily  distinguished  by 

having  more  numerous  and  blunter  teeth  on  the  anterior  divù»on  of 

the  cephalic  limbus,  the  last  preanal  segment  uniannulate  instead  of 

biannulate,  and  the  emargination  on  the  ventral  division  of  the  caudal 

fimnel  entire  instead  of  emarginated  and  slightly  lobate.    The  fringed 

set»  are  of  the  bispiral  type. 

Clymoaella  rnbrooinota  Johnson. 

Clymenella  rubrocincta  Johnson,  Proc.  Boa.  Soc.  Nat.  Hist.,  XXIX  (1901), 
pp.  418,  419;  PI.  13,  figa.  128-133. 

The  anterior  half  of  one  was  taken  between  tides  at  San  Diego. 

AMMOOHABIDiE. 
Amniooliaret  oooidentalis  Johnson. 

Ammocharea  ocdderdcdis  Johnson,  Proc.  Bos.  Soc.  Nat.  Hist.,  XXIX  (1901), 
pp.  420-421;  PI.  14,  fi^s.  140-142. 

A  single  example  from  San  Diego.    It  is  a  beautifully  preserved 
specimen  30  mm.  long,  with  22  setigerons  segments.    A  fragment  of 
a  tube  is  formed  entirdy  of  particles  of  shdls. 
Soleroohoilas  paoiflons  Bp.  nov.  (Piate  IX,  fig.  59). 

Form  as  in  Scalibregma,  davate,  the  posterior  two-thirds  slender 
and  of  neariy  uniform  diameter  but  tapering  slightly  caudad;  the 
anterior  one-third  abruptly  swoUen  to  three  times  the  posterior 
diameter.  Length  25-35  mm.,  maximum  diameter  2.5-3.6  mm. 
Segments  60-72. 

Prostomium  depressed  T-shaped,  the  basai  part  about  as  broad 
as  long  and  neariy  half  as  wide  as  the  peristomium,  into  which  it  is 
deeply  retracted.  Antero-lateral  limbs  blunt  projections  each  about 
half  as  long  as  the  width  of  the  body  of  the  prostomium.  On  each 
side  of  the  posterior  dorsal  region  is  a  broad,  black  oblique  streak 
which  appears  to  be  constituted  of  two  paralld  rows  of  small  pigment 
specks.  At  their  anterior  ends  they  are  separated  by  one-half  the 
width  of  the  body  of  the  prostomium,  but  diverge  as  they  pass  back- 
ward  beneath  the  peristomiaJ  fold  apparently  into  the  nuchal  organs. 
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Peristomium  a  short,  simple,  unsculptured  ring  incomplete  ventrally 
where  it  reaches  the  sides  of  the  mouth.  Somite  II  also  a  simple  ring, 
but  hearing  lateral  parapodia  and  boimding  the  mouth  behind;  Suc- 
ceeding  somites  increase  in  diameter  and  beeome  rapidly  inflated; 
ni,  IV  and  V  are  biannulate,  with  the  larger  setigerous  annulus 
posterior,  the  smaller  annulus  apparently  arising  in  the  intersegmental 
furrow;  VI  and  suceeeding  somites  of  the  anterior  region  have  the 
setigerous  annulus  divided  equally  by  a  furrow  that  appears  just 
behind  the  setse.  Each  of  the  three  rings  thus  formed  is  divided  by 
short  deep  furrows  into  a  ring  of  tessellse  or  subquadrate  areas  which 
are  much  more  conspicuous  on  the  dorsum  than  on  the  venter.  In 
the  posterior  r^ion  the  interannular  furrows  beeome  very  faint  or 
completely  disappear,  leaving  well-marked  simple  segments,  generally 
about  one-fourth  or  one-fifth  as  long  as  wide  and  only  very  obscurdy 
areolated. 

Pygidium  a  simple,  slightìy  obUque  ring  which  bears  no  cirri  on 
either  the  type  or  cotype.  Body  walls  very  thin  and  readily  ruptured. 
Proboscis  partly  everted  as  a  smooth  broadly  trilobed  disk. 

Parapodia  merely  obscure  lateral  swellings  involving  the  entire 
length  of  the  somites  in  the  anterior  enlarged  region  and  hearing  the 
two  well-separated  linear  tufts  of  set»  opposite  to  the  middle  annulus. 
Apparently  there  are  no  cirri,  unless  the  minute  knobs  related  to  the 
set»  fascicles  prove  to  be  such.     Gills  are  totally  absent. 

Set»  colorless  with  a  faint  bluish  luster,  chiefly  capillary,  of  various 
lengths,  curved  and  slightìy  flattened  distally.  Anteriorly  they  are 
most  conspicuous,  forming  fannshaped  tufts  with  linear  bases,  the 
neuropodial  more  spreading,  the  notopodial  longer  and  curved  dorsad; 
the  longest  set»  about  as  long  as  the  segment.  Posteriorly  the  set» 
are  fewer  and  less  slender.  Short  inconspicuous  furcate  set»  (fig.  59) 
are  paired  with  the  capillary  set»  on  ali  except  a  few  anterior  segments 
on  which  they  cannot  be  seen.    There  are  no  stout  set»  on  II. 

The  type,  a  mature  male,  and  a  smaller  cot3rpe  were  taken  at  Third 
Beach  Point,  vicinity  of  Monterey  Bay,  by  Mr.  Spaulding  on  July 
6,  1905. 

This  species  as  described  dififers  widely  from  the  type  of  the  genus, 
especially  in  the  absence  of  stout  set»  on  II  and  the  absence  of  neuro- 
cirri, though  it  is  possible  that  the  latter,  like  the  caudal  cirri,  may  be 
easily  detached.  On  the  other  hand  the  absence  of  gills  and  the  pres- 
ence  of  eye-spots  are  chararters  which  approximate  it  to  the  type, 
S.  minutus  Grube.  This  species  would  also  seem  to  indicate  that  the 
creation  of  Asclerocheilus  as  a  separate  genus  is  unnecessary. 
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OHLORHiBMIDJES. 
Brada  sp.  ?  juv. 

Two  small  specimens  dredged  at  a  depth  of  forty  feet  at  San  Diego 
are  considered  to  be  the  young  of  a  species  of  Brada  or  possibly  of  a 
Trophonia  in  which  the  anterior  setae  have  not  yet  dongated.  They 
are  about  one-half  inch  long,  davate,  with  well-marked,  simple  se- 
menta, a  few  of  which  have  been  lost,  thickly  and  uniformly  covered 
with  papiUae  both  dorsally  and  ventrally,  those  in  the  neighborhood 
of  the  parapodia  scarcely  longer  than  the  others.  Ali  setse  are  short, 
only  the  notopodials  of  II  being  notieeably  longer  than  the  others. 
On  other  segmenta  both  notopodial  and  neuropodial  tnfts  consist  of 
a  very  few  small,  slender,  tapered,  flexible  setse  composed  of  numerous 
joints  which  are  always  considerably  longer  than  the  diameter  of  the 
seta.  Neuropodials  are  no  stouter  than  notopodials.  The  setae  differ 
from  any  species  of  Brada  or  Trophonia  examined  by  me,  but  the 
differences  are  such  as  might  be  expected  in  juveniles. 

Trophonia  papiUata  Johnson. 

Trophonia  vapUlata  Johnson,  Proc.  Bos.  Soc.  Nat.  Hist.,  XXIX  (1901), 
p.  416;  Pi.  12,  figs.  122,  123, 

Two  specimens  dredged  at  Delmonte  wharf,  Monterey  Bay,  Jnly  12, 
1904. 

The  larger  one  has  the  head  protruded.  The  mouth  is  a  transverse 
crescentic  slit  bounded  below  by  a  fiat,  slightly  bilobed  lip  and  above 
by  the  slightly  arched  and  thickened  prostomium  which  bears  the  two 
thick  palps,  grooved  below,  and  above  them  eight  tentacles  in  a  trans- 
verse series;  the  latter  are  about  one-fourth  as  thick  as  the  palps 
and  slightly  exceed  them  in  length.  The  small  specimen  is  only  16 
mm.  long  with  36  segments,  badly  abraded  and  nearly  smooth  except 
the  anterior  four  segments  which  are  encased  in  a  coating  of  agglu- 
tinated  sand  grains.  This  may  possibly  be  a  distinct  species. 
Trophonia  capnlata  sp.  nov.  (Piate  IX,  flgs.  60,  61). 

This  very  distinct  species  is  represented  by  the  type  only,  which 
measures,  exclusive  of  the  cephalic  setae,  108  mm.  long,  the  cephalic 
setae  being  9  mm.  and  the  maximimi  diameter  at  the  end  of  the  first 
fourth  5.5  mm.  Nimiber  of  segments  136,  the  first  achaetous.  Form 
elongated  davate,  somewhat  depressed  at  anterior  end,  subterete 
at  middle,  becoming  gradually  subquadrate  posteriorly.  Anterior 
half  moderately  stout,  the  posterior  slender  and  gently  tapered. 
Coelom  containing  many  large  free  eggs. 

Prostomium  and  peristomium  completely  retracted  within  first 
setigerous  somite,  leaving  a  small  opening  directed  somewhat  ventrad 
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and  surrounded  by  prominent  papillae,  often  arranged  in  groups, 
and  encrusted  with  fine  sand  grains,  a  particularly  prominent  group 
of  about  four  forming  a  amali  tuft  supported  on  a  narrow  pedicle  in 
the  mid-dorsal  line  between  the  first  pair  of  notopodial  setse  fascicles. 

Anterior  end  broadly  rounded,  the  first  few  segmenta  decidedly 
depressed  but  increasing  in  depth  rapidly  imtil  by  about  VI  they 
have  become  terete.  These  segmenta  are  short,  crowded  and  some- 
what  telescoped,  so  that  each  one  somewhat  overlaps  the  next  anterior, 
especially  dorsally  where  this  feature  is  emphasized  by  the  greater 
prominence  of  the  cutaneous  papillae.  Remaining  segments  very 
regnlar,  simple  and  smooth,  with  clean-eut  though  shallow  furrows 
and  from  one-sixth  to  one-third  as  long  as  wide,  becoming  proporr 
tionately  longer  as  the  diameter  decreases  posteriorly.  Pygidium 
a  simple  ring  entirely  lacking  cirri. 

Integument  thick  and  tough  and  more  or  less  coated  with  a  hard, 
adhesive  layer  of  fine  sand,  beyond  which  the  tips  of  only  the  larger 
papiU»  project.  On  the  venter  and  posteriorly  the  surface  is  nearly 
smooth  and  the  incrnstation  thin,  but  on  the  anterior  dorsal  region  it 
becomes  rough  and  much  thicker,  forming,  with  the  papillae,  projecting 
anterior  margins  to  the  segments  and  ensheathing  even  the  larger 
papillae  nearly  to  their  ends.  The  larger  cutaneous  papillae  are  arranged 
as  foUows:  On  the  dorsal  field  is  a  transverse  row  of  six  or  eight 
projecting  forward  from  the  cephalic  margin  of  each  anterior  segment. 
In  the  ventral  field  on  each  side  of  the  neural  line  and  generally  near 
the  middle  of  the  segment  is  a  single  davate  papilla,  replaced  on  more 
anterior  segmenta  by  a  group  of  two  or  three;  from  one  to  three  more 
occur  ventrad  of  the  neuropodium.  Surrounding  the  latter  is  an 
irregular  ring  of  papillae  composed  usually  of  one  or  two  dorsal  and 
ventral,  two  to  four  anterior  and  usually  three  posterior,  the  middle 
one  of  the  laat  group  being  much  lai^er  than  the  othera  and  elevated 
prominently  on  a  conical  base.  A  similar  ring  surrounds  the  noto- 
podium,  the  postsetal  group  here  also  consisting  of  one  or  two  of 
moderate  size,  and  one  very  large  one,  often  equaling  the  segment  in 
length  anteriorly  and  elevated  on  a  base  which  may  bear  the  smaller 
papillae  as  well.  Passing  from  before  caudad  ali  of  these  papillae 
gradually  diminish  in  length,  but  their  arrangement  is  Constant. 

Except  on  the  first  two  or  three  segmenta,  on  which  they  are  more 
crowded,  the  parapodia  consist  of  widely  separatéd  notopodial  and 
neuropodial  nearly  or  quite  sessile  tufts  of  setae.  The  former  are 
fan-shaped  fascicles  of  fìve  to  eight  (the  larger  numbers  on  middle 
segments)  flexible  capillary  setae.    Those  of  the  first  fom*  (II  to  V) 
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are  dongated  and  directed  forward,  becotoing  in  both  respects  less 
so  from  before  backward;  on  II  and  III  they  are  remarkably  slender 
and  silky  and  project  far  in  front  of  the  head  to  a  distance  of  more 
than  twice  the  diameter  of  the  body;  thoee  of  V  scarcely  equal  the 
body  diameter.  On  middle  segmenta  the  fascicles  spread  more 
widely  over  the  dorsum  and  scarcely  exceed  the  length  of  their  seg- 
menta. Poeteriorly  they  appear  relatively  but  not  actually  longer. 
Neuropodial  set»  are  slightly  coarser  and  fewer  than  the  correeponding 
notopodiais;  those  of  the  first  three  fascicles  have  filamentous  tips 
and  project  forward  Uke  the  notopodiais,  but  are  only  about  half  as 
long;  on  other  segmenta  they  curve  dorsad  up  the  sides  of  the  body. 

Setse  are  ali  pale  brown,  soft  and  iridescent.  Aa  long  as  they  project 
forward  notopodiais  and  neuropodials  are  similar,  excessively  slender, 
with  straight  acute  tips  and  nimierous  cross  fracturee  or  nodes,  which 
at  the  base  of  f  ully-grown  set»  occur  five  or  six  in  a  distance  equal  to  the 
diameter,  becoming  graàually  fewer  until  they  are  six  or  eight  times  as 
far  apart.  As  they  lose  the  filamentous  tips  the  notopodial  set»  have 
the  ragion  of  crowded  joints  toward  the  base  much  restricted  (PI.  IX, 
fig.  61). 

Neuropodial  set»  in  becoming  shorter  and  stouter  also  acquire  fewer 
and  much  longer  joints,  the  terminal  one  becoming  especially  long 
and,  beginning  with  V,  with  a  distinctly  hooked  tip,  which  a  few  seg- 
menta farther  back  becomea  much  larger  and  provided  with  an  accea- 
sory  procees  (fig.  60),  thus  having  the  form  of  a  halternanap  like  the 
set»  seen  in  certain  species  of  Sthendais. 

Color  deep  buff-gray  and  nearly  unif orm. 

Type  locaUty,  San  Diego  Bay,  Cai.,  between  tide  limita. 

FlabelUgera  oommaasalit  ep.  nov.  (Piate  IX,  figs.  62, 63). 

Form  moderately  slender,  thickeat  in  the  oephalic  fourth,  thence 
tapering  to  caudal  end  but  usually  exhibiting  irregular  contractions 
or  swellings  ;  more  or  lesa  distinctly  prismatic  and  somewhat  compreaaed  ; 
body-walla  thin  and  delicate  and  more  or  less  ruptured  so  that  the 
viscera  protrude.  Type  and  largest  complete  specimen  50  mm.  long 
and  at  the  widest  part  (XX)  2.4  mm.  wide  and  3.2  nun.  deep;  this 
thicknesa,  however,  is  probably  in  part  due  to  an  abnormal  swelling. 
Number  of  somites  90;  a  second  complete  specimen  48  mm.  long  haa 
70  segmenta. 

Prostomium  with  ita  appendagea  capable  of  complete  retraction 
within  the  collar  and  only  incompletely  exposed  in  these  apecimena. 
So  far  as  observed  it  consista  of  a  pair  of  thin  m^nln'anoiis  dorsal 
lobea,  each  hearing  a  dense  tuft  of  thirty  or  forty  slender  tentacular 
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filaments,  the  ends  of  wbich  reach  in  exteiusion  scaxcely  beyond  the 
ends  of  the  coUar  setse.  The  palpi,  arising  immediately  beneath  the 
tentacles  and  above  the  mouth,  are  more  than  twice  as  long  and  four 
or  five  times  as  thick  as  the  tentacles,  blunt,  slightly  tapered  and  finger- 
like,  not  at  ali  spatulate  or  flabelliform,  the  venter  with  a  deep  longi- 
tudinal  groove,  the  margins  of  which  are  merdy  slightly  crenulate 
and  not  lobed.  Mouth  a  transverse  slit  or  a  more  rounded  opening 
with  lobed  margins  normally  hidden  at  the  bottom  of  the  collar. 

The  collar  ragion,  reaching  back  as  f ar  as  the  first  ordinary  somite, 
probably  represents  the  peristomium  alone  or  perhaps  both  I  and  II. 
It  consists  of  a  short  achsetous  posterior  ring  and  a  cylindrical  or 
f imnelform,  thin  membranous  collar  with  small  dorso-median,  ventro- 
median  and  lateral  incisions  in  its  border,  the  whole  being  about  as 
long  as  the  three  somites  next  foUowing.  It  bears  the  broad  fan- 
shaped  conjoined  fascicles  of  notopodial  and  neuropodial  setse  form- 
ing  a  dose  continuous  series,  which,  Uke  a  palisade  of  stakes,  build 
up  the  collar  to  doublé  its  own  height.  When  the  cephalic  appendages 
are  extended  they  are  embraced  by  the  peristomial  collar  and  setse 
cage  and  when  retracted  are  concealed  within  them,  the  setaB  of  the 
two  sides  drawing  toward  the  middle  line.  The  collar,  which  clearly 
represents  a  pair  of  parapodia,  is  thickly  studded  with  cutaneous 
papillse,  those  at  the  base  of  the  setse  being  very  numerous,  much 
elongated  and  slender,  with  filamentous  stalks  hearing  terminal  knobs 
and  often  reaching  the  tips  of  the  setse. 

Succeeding  segments  are  much  shorter,  their  length  never  exceeding 
one-third  the  width,  and  quite  simple,  with  the  intersegmental  papillse 
quite  high  between  the  parapodia  but  elsewhere  very  slightly  developed. 
Anteriorly  for  a  short  distance  the  body  is  subterete  or  subquadrate, 
but  for  most  of  its  length,  owing  to  the  position  of  the  parapodia,  is 
subtriangular  in  section,  the  somewhat  truncated  apex  being  ventral, 
the  nearly  fiat  base  dorsal  and  the  usually  somewhat  convex  sides 
lateral.  In  places  where  the  body  ìs  much  distended  this  convexity 
or  bulging  may  be  sufficient  to  give  to  it  a  cross-section  approaching 
the  circular.  As  noted  above  the  body-wall  is  thin,  easily  ruptured, 
and  semi-translucent.  Most  of  the  surf ace  is  smooth  and  bears  few  and 
small  papillse,  but  on  the  dorsum  and  about  the  parapodia  they 
become  larger  and  more  numerous,  those  on  and  near  the  notopodia 
being  largest  of  ali  and,  like  the  collar  papillse,  hearing  very  large 
terminal  knobs,  and  when  extended  reaching  to  the  tips  of  the  setse 
and  giving  to  the  notopodia  the  aspect  of  erect  tufts  or  tassels.  The 
neuropodial  papillse  on  the  other  band  are  much  shorter  and,  like 
those  scattered  over  the  dorsum,  bear  small  terminal  knobs. 
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Parapodia  are  remarkable  chiefly  for  the  position  of  the  neuropodia. 
The  rami  are  rather  large,  widdy  separated  and  rather  conspicuous 
papillse.  Notopodia  situated  at  the  extreme  dorsal  and  wìdest  part 
of  their  segmenta,  except  on  the  first  few  at  the  basai  angles  of  the 
triangle.  Owing  to  the  slender  papillse  which  they  bear  they  have 
the  form  of  graceful  plumes  or  tassels  hearing  a  few  small  capillary 
setae.  Neuropodia  are  rather  larger,  stouter  and  shorter  subconical 
tuberclee,  resembling  the  false  feet  of  certain  caterpiUars,  and  hearing 
much  smaller  and  less  conspicuous  papillse  and  a  single  stout  hooked 
seta.  Except  on  the  first  eight  or  ten  segments  which  are  more  or  less 
subterete  and  where  they  are  widdy  separated,  the  basee  of  the  two 
neuropodia  are  nearly  in  contact  at  the  neural  apex  of  the  compressed 
triangular  body. 

Notopodial  and  coUar  setse  (PI.  IX,  fig.  62)  are  ali  of  the  capillary, 
soft,  flexible,  cross-fractured  type,  the  former  dififering  only  in  their 
much  greater  length.  In  addition  to  a  few,  scarcdy  apparent,  rudi- 
mentary  setse  of  the  same  type  each  neuropodium  bears  one  (or  rardy 
two)  large  and  stout  hook  (fig.  63),  deep  brown  and  opaque  at  the  end, 
but  becoming  paler  toward  the  base  and  having  an  imperfect  joint 
bdow  the  hooked  end.  These  hooks  are  directed  toward  the  middle 
line  and  are  operated  in  pairs  by  powerful  muscles,  forming  most 
efifective  organs  of  adhesion. 

Dorsal  surf  ace  and  notopodia  more  or  less  deep  (sometimes  purplish) 
brown,  which  color  usually  completdy  covers  the  coUar  and  may  extend 
somewhat  down  the  sides  of  the  body  which,  like  the  venter  and 
neuropodia,  is  pale  yellow,  usually  sharply  contrasted  with  the  brown 
of  the  dorsmn  which  appears  to  be  due  to  the  sensory  papillse. 

The  alimentary  canal  exhibits  the  gizzard-like  stomach  and  looped 
intestine  characteristic  of  annelids  of  this  family.  Unlike  most  species 
of  the  genus  there  is  no  mucous  investment,  at  least  on  these  specimens. 

The  f  our  known  specimens  were  taken  at  Picnic  Tables,  near  Monterey , 
Cai.,  on  August  14,  1904,  from  among  the  spines  of  StrangylocerUrotiis 
jyurpuratus.  The  latter  is  undoubtedly  a  normal  habitat,  for  which 
the  structure  of  the  worm  admirably  adapts  it.  The  color,  lateral 
compression  of  the  body,  position  of  the  neuropodia  and  the  stout 
neuropodial  hooks  would  be  especially  usef ul  in  this  situation. 

SABELLIDJEj. 

SalMUa  olegans  Bush. 

SabeUa  degana  Bush,  Tubicolous  Annelids  from  the  Pacific  Ocean,  Harriman 
Alaska  Expedition  Reports,  1905,  pp.  194,  195  (figures). 

Vicinity  of  Monterey  Bay  only;  four  specimens  "big  tide  pool," 
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June  20,  1905;  one  small  example  dredged  Delmonte  wharf,  July  12, 
1904. 

These  specimens  appear  to  belong  to  the  above-named  species, 
although  Miss  Bush's  species  of  Sabella  are  not  clearly  differentiated 
in  the  brief  descriptions.  The  spots  on  the  branchi»  are  usually  five, 
fairly  regular  in  arrangement,  but  varying  much  in  intensity  and  the 
degree  to  which  they  extend  on  to  the  giU  filaments.  The  number 
of  rachises  varies  from  18  to  22  on  each  side.  The  segments  of  one 
counted  number  70,  8  of  which  are  setigerous  thoracic. 

Diitylia  rugosa  Moore. 

Distylia  rugosa  Moore,  Proc.  Acad.  Nat.  Sci.  Phila.,  1904,   pp.  499-501; 
PI.  XXXVIII,  figs.  38-41. 

Besides  the  type  and  cotype  from  which  this  species  was  originally 
described  several  additional  specimens,  ali  taken  between  tides  at 
San  Diego,  occur  in  the  collection. 

The  specimens  are  of  various  sizes,  the  largest  measuring  in  its 
contracted  state  105  mm.  long,  of  which  the  gìlls  are  30  mm.,  and 
11  nmi.  Wide.  In  the  different  specimens  the  branchial  rachises  vary 
in  number  from  24  in  one  40  nmi.  long  to  68  on  each  side  of  the  large 
specimen.  In  no  case  are  any  of  the  rachises  forked.  The  branchial 
bases  make  about  1^  tums.  The  eyes  referred  to  in  the  originai 
description  are  mere  specks  and  dashes  of  pigment  arranged  in  two 
series  which  may  coalesce  into  more  or  less  broken  lines  or  be  totally 
absent. 

Sometimes  the  branchiffi  are  of  a  nearly  uniform  wine  brown  with 
regular  but  obscure  trans  verse  pale  bands;  in  other  cases  they  may  be 
light  or  dark  brown,  irregularly  mottled  with  pale.  The  gill  bases  are 
uniform  deep  brown.  At  the  dorsal  end  of  each  abdominal  torus  is  a 
very  deep  and  conspicuous  brown  spot,  from  which  a  narrow  brown 
line  runs  along  the  torus  for  its  entire  length,  ending  in  a  small  spot 
at  the  ventral  end.  The  ventral  plates  are  very  deep  purplish  brown, 
the  body  elsewhere  pale  brown. 

The  largest  specimen  has  the  coUar  region  so  relaxed  that  the  mouth 
parts  are  well  displayed.    The  tentacles  are  narrowly  lanceolate  with 
a  small  divergent  basai  lobe  and  reach  barely  to  the  distai  border  of 
the  branchial  base. 
Pieudopotamma  brevibranoliiata  Moore. 

Pseudopotamilla  brevibranchiata  Moore,  Proc.  Acad.  Nat.  Sci.  Phila.,  1905, 
pp.  559-662;  PI.  XXXVII,  figa.  8-14. 

Two  specimens  taken  at  "big  tide  pool,"  Monterey  Bay,  present 
several  interesting  divergences  from  the  types. 
19 
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The  branchial  barbs  are  somewhat  longer — ^four  or  five  times  the 
diameter  of  the  rachises  and  dimìnished  but  slightly  toward  the  distai 
end — and  the  dorsal  branchial  lappet  is  very  prominent.  Both  speci- 
mens  are  filled  with  neariy  mature  eggs.  One  has  nine  setigerous 
segments,  the  other  only  six  and  the  thorax  shorter  than  the  gills. 
The  first  has  the  eyenspots  scattered  through  a  wide  zone  and  occa- 
sionally  more  than  one  on  a  rachis;  the  other  has  a  single  neariy  black 
eye^pot  proximad  of  the  middle  on  most  of  the  middle  rachises. 
Both  have  the  gills  otherwise  colorless. 

The  tubes  form  a  cluster  of  three  and  are  neariy  colorless,  stiff  and 
hard  and  covered  with  an  incrustation  of  fine  sand.  Two  other  empty 
tubes  dredged  near  the  same  locality  probably  also  belong  to  this 
species. 

SBRPXTLIDiE. 
Protala  inperba  ep.  nov.  (Piate  IX,  flgs.  64,  65). 

The  least  contracted  specimen  of  this  magnificent  serpulid  has  the 
body  88  mm.  long  and  the  contracted  gill-crowns  37  nam.  long;  length 
of  thorax  measured  along  venter  of  mantle  37  mm.  ;  width  of  thorax 
at  anterior  end  16  mm.,  at  posterior  end  12  mm.  ;  depth  at  latter  point 
7  mm.  ;  width  of  abdomen  at  middle  10  mm.  ;  depth  at  same  point  9 
mm.;  length  of  branchial  base  9  mm.;  length  of  one  of  the  longest 
rachises  23  mm.  Number  of  thoracic  segments  8  (7  setigerous),  of 
abdonùnal  segments  115-120.  Another  specimen  is  even  larger  but 
more  contracted. 

The  contracted  branchial  crowns  form  a  pair  of  great  compact 
brushes  or  plumes,  the  base  and  axis  of  which  is  a  high  spirai  perma- 
nently  wound  into  seven  or  eight  dose  turns,  stout  and  of  firm  texture 
throughout  and  triangular  in  section.  They  are  readily  detached, 
leaving  a  triangular  scar  on  each  side  of  the  mouth.  Leaving  a  short 
pedicel  of  attachment  the  branchiferous  spirai  begins  on  the  dorsal 
side  and  bears  in  the  one  cotype  on  which  they  were  counted  no  less 
than  320  radioles  in  a  closely  crowded  series  on  each  side.  The  basai 
ones  are  the  longest  and  they  diminish  in  length  regularly  to  the  apex 
at  a  rate  that  indicates  that  their  tips  reach  a  uniform  level  in  full 
extension.  A  rather  thick  interbranchial  membrane  is  connected 
with  the  outer  faces  of  the  basai  ends  of  the  rachises  and  unites  them 
for  about  one-fifth  of  their  length.  The  rachises  are  compressed 
triangular  with  the  base  directed  outward  and  the  apex  toward  the 
center;  narrow  membranous  borders  are  appended  to  the  basai 
angles  and  reach  from  the  interbranchial  membrane  neariy  to  their 
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tips.  A  doublé  rank  of  numerous  pinnffi  or  filaments  arises  along  the 
iimer  or  apical  face  of  the  rachises  and  continues  nearly  to  their  tips; 
the  longest  of  these  scarcely  exceed  the  greater  dìameter  of  the  rachises 
and  they  diminish  in  length  distally. 

Tentacles  lanceolate,  foUaceous,  about  as  long  as  the  diameter  of 
the  branchial  bases,  to  the  ventral  side  of  which  they  are  attached. 
Just  within  them,  enclosing  the  mouth  and  about  one-third  as  high 
as  the  interbranchial  membrane,  are  the  orai  membranes,  which  like 
the  tentacles  are  detached  with  the  branchial  crowns.  Mouth  trans- 
verse,  its  corners  bounded  above  by  a  low  roimded  elevatioù,  from 
between  which  a  tongue-shaped  process  projects  over  the  mouth. 
Ventral  to  it  is  a  soft  irregular  lip,  and  below  this  again  a  much  larger 
fìrm  triangular  lip. 

Thorax  depressed,  broader  anteriorly  than  posteriorly  and  regularly 
tapered  caudally.  Segments  eight,  ali  but  the  peristomium  setigerous; 
intersegmental  furrows  obsolete.  Thoracic  mantle  thin  and  greatly 
developed,  embracing  ali  of  the  setae  tufts  and  extending  beyond  them 
to  a  width  fully  equal  to  that  of  the  thorax.  Though  folded  and 
somewhat  tufted  between  the  fascicles  of  setae  the  margin  of  the  mem- 
brane appears  to  be  entire  and  not  scalloped.  Its  cephalic  border  is 
divided  into  a  pair  of  dorsal  setal  lobes,  enclosing  the  collar  seta  tufts, 
and  a  ventral  pair  of  branchial  lobes.  The  median  notch  separating  the 
latter  is  wide  and  shallow,  the  lateral  notches,  on  the  contrary,  being 
deep  and  narrow.  The  posterior  fold  or  apron  is  thicker,  has  an 
extensive  glandular  area  and  projects  only  slightly  as  a  broad  median 
ventral  lobe.  There  is  a  broad  but  shallow  and  rather  ill-defined 
dorsal  thoracic  groove  and  an  annidar  groove,  somewhat  distinct  on 
the  dorsum,  separating  the  thorax  and  abdomen. 

Abdomen  rather  soft,  broadly  rounded  laterally,  slightly  depressed, 
tapered  gently  to  the  pygidium  and  divided  into  dorsal,  lateral  or 
parapodial,  and  ventral  or  neural  fields,  the  latter  being  marked  by  a 
broad,  open  fecal  groove.  Abdominal  segments  numerous,  very 
short,  much  crowded,  and  distinctly  indicated  by  the  extensive  tori 
only.  Integument  of  dorsal  and  ventral  surfaces  more  or  less  swollen 
and  wrinkled,  probably  in  part  due  to  the  preserving  fluid,  A  cal- 
careous  incrustation  occupies  a  nearly  circular  area  on  the  dorsum 
of  the  caudal  end,  which  is  bluntly  rounded  and  terminated  by  a  very 
short  pygidium  containing  a  large,  vertical,  slit-like  anus  guarded 
by  somewhat  tumid  lips. 

Thoracic  setae  form  seven  compact  flattened  tufts,  somewhat  spread- 
ing  distally,  of  very  numerous  setae;  they  project  obliquely  dorsad 
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and  the  collar  tiift  somewfaat  cephalad,  the  othens  caudad»  The 
collar  fasciole  is  subdivided  into  two,  the  others  into  three  ranks 
closely  united  above  but  separating  somewhat  ventrally,  the  anterior 
rank  being  composed  of  smaller  setae  and  separated  from  the  othera 
by  a  small  membranous  fold.  Ali  thoracic  set»  (PI.  IX,  fig.  65) 
are  similar,  pale  yellow,  narrowly  bilimbate,  the  more  dorsal  ones 
somewhat  longer  and  those  of  the  posterior  rank  slightly  curved. 
Abdominal  fascicles  are  much  smaller,  with  seldom  more  than  twelve 
shorter  but  otherwise  similar  setae.  At  the  caudal  end  a  certain 
mmiber  of  segmenta  bear  mueh  longer,  very  slender  capillary  seta 
without  limbae. 

Thoracic  tori  are  very  diificult  to  discern,  the  long,  somewhat  irr^u- 
lar  séries  of  very  numerous  imcini  being  nearly  embedded  in  thick 
glandular  areas  below  the  setse  tufts.  The  narrow,  vertical  abdominal 
tori  occupy  the  sides  of  the  segments  rather  toward  the  venter.  They 
are  crowded  fleshy  folds  slightly  free  and  projecting  at  both  ends, 
longer  in  the  middle  of  the  abdomen,  becoming  shorter  toward  both 
ends,  and  finally  obsolete  caudally.  Uncini  (PI.  IX,  fig.  65)  very 
nmnerous,  not  lees  than  350  on  Vili,  small,  with  the  tootìied  margin 
very  long,  conspicuously  elevated  above  and  prolonged  into  a  slender, 
blunt  and  slightly  bifid  or  notched  process  bdow  and  hearing  twenty 
to  twenty-five  long,  slender,  acute  teeth,  of  which  four  or  five  smaller 
ones  are  on  the  inferior  prolongation.  No  difference  between  thoracic 
and  abdominal  tori  was  perceived.  At  the  ventral  end  of  each  abdomi- 
nal torus  is  a  small  group  of  simple  spines  which  persist  through  the 
oaudal  region  after  the  uncini  ha  ve  ceased. 

Ali  of  the  four  specimens  examined  are  quite  colorless  and  totally 
lack  pigment.  The  preserved  worms  bear  a  striking  resemblance  in 
form  to  the  conventionalized  classic  torch  with  the  vigorous  and  some- 
what divided  flame  represented  by  the  gill  plumes,  which  when  Uving 
and  extended  must  form  a  magnificent  crown. 

Tube  white,  thick,  massive,  the  walls  often  5-6  mm.  thick  and  the 
outer  diameter  up  to  19  mm.  The  inner  layers  are  hard  and  stony, 
the  lining  somewhat  polished,  the  outer  layers  becoming  chalky  and 
the  outer  surface  roughened  by  numerous  growth  lines.  The  older 
parts  make  several  irregular  open  coils  beneath  and  around  stones, 
the  newer  portions  extendìng  freely  horizontally  into  the  water,  in 
one  case  to  a  distance  of  145.  mm.  Orifice  perfectly  terete,  smooth, 
polished  and  thin. 

The  type  (No.  79,  Coli.  Acad.  Nat.  Sci.),  together  with  the  tube 
and  two  other  worms,  were  coUected  for  the  Academy  at  Pacific  Grove, 
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near  Monterey  Bay,  at  a  depth  of  40  fathoms,  by  Prof.  Harold  Heath. 
A  single  example  appeais  in  the  Stanford  University  coUection,  and 
was  taken  by  a  Chinese  fishemuui  on  a  red-ood  line  in  the  vicinity 
of  Monterey  Bay  on  February  20,  1902. 

Several  species  of  Protvla  bave  been  described  from  the  Pacific,  and 
it  is  possible  that  P.  atypha  Bush  or  some  of  the  other  smaller  speciea 
may  be  the  young  of  this,  but  they  bave  far  fewer  branchia!  rachises. 
Indeed  this  species  departs  from  typical  members  of  the  genus  in  the 
large  number  of  rachises  and  complexity  of  the  gill-bearers  or  bases. 

Serpula  oolambiana  Johnson. 

Serpvla  colwhbiana  Johnson,  Proc.  Bos.  Soc.  Nat.  Hist.,  XXIX,  pp.  432, 
433;  H.  19,  figs.  199-204. 

"Lighthouse  Point,"  vicinity  of  Monterey  Bay,  in  a  big  tide  pool, 
June  2S,  1904.    Three  medium-sized  specimens  with  portions  of  tubes. 

The  operculum  is  more  slender  and  has  a  more  findy  serrated  margin 
than  the  one  figured  by  Johnson.  One  counted  had  140  serrations 
and  ribs  and  38  pairs  of  branchial  rachises. 

T<  h;  K.MTJBT  .J  ■T'H  ^, 

Sabellaria  oalifoniioa  Fewkes  (Piate  IX,  figa.  66a  and  6). 

SabeOaria  Califomica  Fewkes,  Bull.  Eesex  Inst.,  XX  (1889),  pp.  130-132; 
PI.  VII,  figs.  3  and  4. 

Only  two  specimens  from  San  Diego  are  contained  in  the  coUection. 
In  the  vicinity  of  Monterey  Bay  the  species  appears  to  be  more  abun- 
dant,  specimens  being  present  from  "Lighthouse  Point,"  June  28, 1904; 
"big  tide  pool,"  June  20, 1905,  and  Delmonte  wharf,  dredged  July  12, 
1904. 

The  degree  of  pigmentation  differs  greatly,  some  being  pale,  others 
deep  brown,  the  latter  type  strongly  prevaihng. 

This  species  is  readily  distinguished  from  the  next  by  the  character 
of  the  opercular  spines,  which,  with  the  exception  of  those  of  the  con- 
cealed  inner  series,  are  opaque,  dark  brown  or  black.  The  exposed 
parts  of  the  outer  series  are  erect,  of  the  inner  and  middle  series 
recumbent,  whereas  in  S.  cementarium  the  ydlow  spines  of  ali  three 
series  are  more  or  less  eréct,  those  of  the  middle  series  being  very 
prominently  so.  The  exposed  parts  of  both  the  inner  and  middle 
series  of  this  species  are  placed  at  right  angles  to  the  slender  stem  or 
tendon.  The  long,  pick-like  spines  of  the  middle  series  (fig.  66a)  are 
very  hard  and  the  pointed,  sHghtly  hooked  tips  frequently  interdigi- 
tate  and  cross  in  the  middle,  completely  concealing  the  inner  whorl. 
The  latter  (fig.  666)  are  much  more  dehcate,  flattened,  yellow,  some- 
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what  chaff-like  structures,  the  divided  and  densely  fringed  tips  of 
which  often  embrace  the  ends  of  the  middle  seriee  of  spinee. 

The  tubes  of  thìs  speeies  Fewkes  descrìbes  as  fonnìng  great  masses 
of  agglutinated  sand  grains  and  shell  fragments  in  the  cavqrns  of 
wave-worn  chffs.  Those  of  S.  cementarium,  so  far  as  known,  occur 
singly  or  in  small  groupe  attached  to  shells  and  stones.  Which  one 
of  these  speeies,  if  either,  was  described  by  Baird  under  the  name  of 
S,  saxicava  it  is  impossible  to  determine  from  the  brief  description. 
So  far  as  it  goes  the  description  fails  to  fit  either,  and  it  seems  probable 
that  a  third  speeies  is  represented  on  this  coast. 

SabeUaria  oementarium  Moore. 

Sabellaria  cementarium  Moore,  Proc.  Acad.  Nat.  Sci.  Phila.,  1906;  pp.  248- 
263;  PI.  XII,  figs.  45-51. 

Two  specimens  among  S.  califomica  from  "big  tide  pool,"  Monterey 
Bay,  June  20, 1905. 

EXPLANATION   OF  PlATES  VII,  Vili,  IX. 

Platb  vii. — Trypanosyllis  intermedia — ^figs.  1  and  2. 

Fig.  1.— End  of  seta  from  somite  X,  X  360. 

Fig.  2.— Same  from  somite  L,  X  360. 
PhyUodoce  medipapiUata — figs.  3  and  4. 

Fig.  3. — Parapodiimi  from  somite  X,  X  24. 

Fig.  4.— Seta  from  somite  XXV,  X  360. 
Eunice  pcdoloides — ^fics.  5-7. 

Fig.  5. — Compound  seta  from  somite  C,  X  440. 

Fig.  6. — Ventral  view  of  mandibles,  X  9. 

Fig.  7. — Dorsal  view  of  maxill»,  X  9. 
Marphysa  stylobranchiata — ^fìgs.  8-12. 

Fig.  8. — Simple  acute  seta  from  sonute  XXV,  X  250. 

Fig.  9. — Simple  pectiniform  seta  from  same,  X  440. 

Fig.  10. — Compound  seta  from  same,  X  440. 

Fig.  11. — Mandibles  from  ventral  side,  X  24 

Fig.  12.— Maxiilae  from  dorsum,  X  24. 
Marphysa  califomica — figs.  13-20. 

Fig.  13. — Simple  seta  from  dorsal  portion  of  upper  tuft  of  XXV,  X  250. 

Fig.  14a  and  6. — ^Two  forms  of  simple  pectiniform  set»  from  somite  XC, 
X  440. 

Fig.  15. — Compound  seta  with  appendage  of  moderate  length  from  somite 
XX\ ,  X  360. 

Fig.  16.— Hooded  crochet  from  somite  C,  X  360. 

Fig.  17. — ^Ventral  view  of  mandibles,  X  9. 

Fig.  18. — Dorsal  view  of  right  mandible,  X  9. 

Platb  Vili. — Marphysa  califomica. 

Fig.  19. — Dorsal  \'iew  of  maxillse  of  left  side  in  normal  relation,  X  9. 

Fig.  20. — Dorsal  view  of  right  maxillse  partly  separated,  X  9. 
DrUonereis  nuda — ^fijjs.  21-23. 

Fig.  21. — Parapodium  C,  anterior  face,  X  83. 

Fig.  22.— Seta  from  middle  of  same,  X  360. 

Fig.  23. — Dorsal  view  of  jaws,  X  24. 
Stauronereia  monilocera» — ^figs.  24-29. 

Fig.  24. — Compound  seta  from  parapodium  XXV,  X  440. 

Fig.  25. — ^Tip  of  a  coarser  simple  seta  from  XXV,  X  600. 
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Fig.  26. — ^Ventral  view  of  mandibles,  X  24. 

Fig  27. — ^Anterior  (a)  and  posterior  (6)  maxillss  of  outer  serìes,  X  83. 

Fig.  28. — ^Anterìor  maxilìa  of  middle  serìes.  X  83. 

Fi^.  29. — ^Anterìor  (a)  and  middle  (6)  maxiìlse  of  inner  serìes,  X  83. 
Arida  johnsoni — ^figs.  30-33. 

Fig.  30. — ^Tip  of  stout  neuropodial  seta  from  somite  X^  X  600. 

Fig.  31. — Portion  of  slender  neurop<)dial  seta  from  somite  L,  X  600. 

Fig.  32. — Optical  section  of  a  portion  of  a  notopodial  seta  from  somite  L, 
X  600. 

Fig.  33. — ^End  of  a  furcate  notopodial  seta  from  somite  C,  X  600. 
Naineria  robusta — hg^.  34^37. 

Fig.  34. — Stout  neuropodial  seta  from  somite  XXV,  X  250. 

Fig.  35. — Slender  neuropodial  from  same,  X  250. 

Fig.  36. — Face  (a)  and  profìle  (6)  views  of  a  portion  of  a  capiUary  notopodial 
seta  from  somite  C,  X  600. 

Fig.  37. — Two  furcate  notopodial  setse  from  somite  C,  X  360. 
Naineris  longa — ^figs.  38-42. 

Fig.  38. — Stout  neuropodial  seta  from  posterìor  serìes  of  somite  XX,  X  250. 

Fig.  39. — Slender  neuropodial  seta  from  anterìor  serìes  of  somite  XX,  X  250. 

Fig.  40. — Notopodial  seta  from  somite  XX,  X  83. 

Fig.  41. — Neuropodial  spine  from  posterìor  serìes  of  a  middle  somite,  X  250. 

Fig.  42. — Furcate  notopodial  seta  from  middle  region,  X  360. 

Plate  IX. — Fig.  43. — Tharyx  mulHfilia — ^Anterìor  end  of  cotype,  X  9. 

Fig.  44. — Dodecaceria   pacifica — Neuropodial    spine   from   somite    LXXV, 
X  250. 
Pista  éUmgata — ^figs.  45-47. 

Figs.  45-47.— Uncini  from  somites  V,  XIV  and  XXV  respectively,  X  250. 
Pwto  oZoto— figs.  48-51. 

Fig.  48. — ^Limbate  seta  from  somite  XV,  X  250. 

Figs.  49-51.— Uncini  from  somite  V,  XV  and  XXX  respectively,  X  250. 
Poiuclrrua  calijomicua — ^figs.  52,  53. 
¥\g.  52.— Uncinus  from  XX,  X  440. 
Fig.  53  —Uncinus  from  XXXV,  X  440. 
Fig.  54. — Polydrrus  sp. — ^Anterìor  imcinus,  X  440. 
Fig.  55. — NotomaMus  tennis — ^Anterìor  abdominal  crochet,  X  440. 
Fig.  56. — Eunotomastus  gordiodes — Neuropodial  crochet  from  somite  XXV, 

X  360. 
Fig.  57. — DasybranchiLS  giganteus — Corrected  figure  of  crochet,    X  360. 
Fig.  58. — DasybranchiLS  glabrus — Neuropodial  crochet  from  somite  XXV, 

X  360. 
Fig.  59. — Sclerocheilus  pacificus — Quarter  view  of  a  posterìor  furcate  seta, 
X  440. 
Trophania  ccLvuUsta — ^figs.  60,  61. 
Pig.  60. — ^Énd  of  neuropodial  seta  from  somite  XXV,  X  250, 
Fig.  61. — ^Notopodial  seta  of  same,  X  56. 
Flabelligera  commensalis — ^figs.  62,  63. 

Fig.  62. — Collar  seta,  X  56;  a,  portion  of  same,  X  250;  &,  distai  end  of  a 

sensory  papilla  from  collar,  X  56. 
Fig.  63.— Neuropodial  hook  from  somite  XXV,  X  83. 
Protvla  superba — figs.  64,  65. 

Fig.  64. — Shorter  limbate  seta  from  somite  Vili,  X  56. 
Fig.  65.— Uncinus  from  somite  XXV,  X  360. 
SaòeUaria  califomica — figs.  66a  and  6. 

Fig.  66a. — ralea  of  middle/serìes  of  operculum,  X  33. 
Fig.  666. — Same  of  inner  series,  X  33. 
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THE  P0LTCHJET0U8  AKHELIDS  DBEBGED  BT  THE  U.  8.  8.  *' ALBATB088"  077 

THE  C0A8T  07  80UTHEBir  CALI70BinA  IN  1904.     L  8TLLIBJE, 

8PHJEB0D0BID2,  HE8I0mDJE  AHD  PHTLLODOCIDJE. 

BY  J.  PERCY  MOORE. 

Until  in  1904  the  U.  S.  Bureau  of  Fisheries,  the  University  of  Cali- 
fornia, and  Stanford  University  joined  forces  in  initiating  an  investi- 
gation  of  the  marine  biology  of  California  upon  a  comprehensive 
scale,  most  of  the  faunal  work  done  on  the  invertebrates  of  that  region 
had  been  limited  to  the  littoral  zone,  and  much  of  it  had  been  of  a  locai 
or  desultory  character. 

Early  in  that  year  the  Fisheries  steamer  "Albatross"  was  detailed 
to  investigate  the  deeper  waters  off  the  coast  of  the  southern  half  of 
the  State.  From  March  1  to  Aprii  15  coUections  and  physical  obser- 
vations  were  made  at  139  dredging  stations  in  the  region  south  of 
Point  Conception,  chiefly  in  the  vicinity  of  San  Diego  and  among  the 
Santa  Catalina  and  Santa  Barbara  Islands.  Between  May  10  and 
June  15,  128  dredging  stations  were  established  in  Monterey  Bay, 
making  267  in  ali.  The  full  data  relating  to  these  stations  have  been 
compiled  and  published  as  Fisheries  Document  No.  604,  Washington, 
1906. 

Among  the  material  gathered  is  a  rich  but  rather  indifferently 
preserved  collection  of  Polychseta  which  was  submitted  to  the  writer 
for  study,  especially  through  the  interest  of  Prof.  Charles  H.  Gilbert, 
of  Stanford  University.  Corning  from  the  deeper  waters,  this  collec- 
tion admirably  supplements  the  shore  collections  from  the  vicinity  of 
San  Diego  and  Monterey  Bay  contained  in  the  Stanford  University 
Museum  and  already  reported  upon  in  these  Proceedings.  It  had  been 
expected  that  the  bulk  of  the  collections  would  be  made  up  of  known 
shore  forms,  but  the  large  number  of  undescribed  species  encountered 
in  the  families  already  studied  has  dispelled  that  anticipation.  Types 
of  new  species  are  to  be  deposited  in  the  National  Museum,  and  sets  of 
cotypes  and  duplicates,  as  far  as  possible,  also  in  the  coòperating 
Universities  and  this  Academy. 

SYIiLIDiB. 
SyUiB  alternata  Moore. 

This  species  is  the  most  common  syllid  in  the  collection  and  occurs 
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at  depths  of  from  33  fathoms  to  1,400  fathoms  and  chiefly  among  the 
Santa  Catalina  and  Santa  Barbara  Islanda.  The  largest  and  best 
preserved  specimens  are  40-44  mm.  long  and  have  125  to  137  segmenta, 
but  some  are  only  12-20  nmi.  long.  In  some  the  eyes,  and  particu- 
larly  the  posterior  pair,  are  enlarged  until  those  on  each  side  nearly 
meet.  There  are  indications  that  this  condition  may  be  correlated 
with  bathymetrical  distribution,  the  approximation  being  most  marked 
in  the  examples  from  the  greatest  depth  and  least  in  those  from  more 
shallow  waters. 

When  contracted  the  notocirri  exhibit  a  distinct  thickening  above 
the  base,  when  extended  ttey  taper  nearly  uniformly  from  the 
base,  but  in  ali  cases  the  alternation  in  length  is  obvious.  Some  ex- 
amples have  the  anterior  twenty  or  so  segments  each  marked  by  a 
dusky  band,  not  narrow  and  sharply  defined  as  in  S,  armillaris,  but 
broad  and  ili  defined.  The  accessory  tooth  of  the  seta  appendages  is 
frequently  much  wom  or  nearly  obsolete,  causing  the  tips  to.  appear 
simple.  In  no  case  do  the  appendages  exhibit  any  tendency  to  unite 
with  the  stems,  as  in  PwnosyUis  elongcUa  Johnson  and  other  species  of 
the  Synsyllis  group. 

The  chitinous  lining  of  the  pharynx  terminates  in  a  thickened,  some- 
what  crenulated  border,  behind  which  is  a  circle  of  soft  papillae  and 
dorsally  a  large,  blunt,  conical  tooth.  In  the  retracted  state  the  tooth 
lies  in  somite  III,  the  gizzard  in  XI-XXVII,  the  cesophageal  loop  in 
XVIII  and  the  caeca  in  XVII  and  XVIII. 

S.  califomica  Kinberg  may  be  this  species,  but  no  certainty  can  be 
reached  from  the  brief  diagnosis.  The  Ev^Uis  tvMfex  Gosse  reported 
by  Treadwell  from  near  Monterey  Bay  is  very  probably  this  species. 
S,  violaceo-flava  Grube  is  another  related  species  from  the  Philippines. 

Stations  4,326,  off  Point  La  Jolla,  near  San  Diego,  March  8,  280 
fathoms,  green  mud;  4,400,  between  San  Diego  and  San  Clemente 
Island,  Aprii  8,  500  fathoms,  green  mud;  4,420,  off  San  Nicolas  Island, 
Aprii  12,  33  fathoms,  fine  gray  sand;  4,427,  off  Santa  Cruz  Island, 
Aprii  14,  447  fathoms,  black  mud  and  stones;  4,430,  off  Santa  Cruz 
Island,  Aprii  14,  197  fathoms,  black  sand  and  pebbles;  4,574,  off  Cape 
Colnett,  Lower  California,  October  8,  1,400  fathoms. 
Byllii  (KhlerBla)  heteroohata  ap.  nov.    PI.  XV,  flgs.  1-4, 

Described  from  the  type  only,  a  small  complete  specimen  9  mm.  long, 
with  a  width,  in  the  region  of  the  gizzard,  of  body  of  .4  mm.  and 
between  tips  of  parapodia  of  .7  mm.    Segments  80. 

Prostomium  (PI.  XV,  fig.  1)  pentagonal,  with  very  unequal  sides, 
the  posterior  longest  aiid  nearly  straight,  the  lateral  shortest  and 
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convex,  the  anterior  meeting  in  a  rounded  apex;  about  twice  as  wide  as 
long.  Eyes  three  pairs,  forming  a  triangular  group  on  each  side; 
the  middle  pair  with  distinct  lenses  and  much  the  largest,  but  not  more 
than  one-ninth  the  width  of  the  prostomium  and  situated  about  their 
diameter  from  ita  lateraJ  border;  the  posterior  also  with  lenses,  di- 
rected  dorso-caudad,  about  one-fourth  the  diameter  of  the  middle  pair 
and  situated  medio-caudad  of  them;  the  anterior*  mere  specks  of  pig- 
ment  without  lenses  situated  in  line  with  the  posterior  pair  and  equally 
distant  from  the  middle  pair.  Behind  the  posterior  pair  is  a  large 
black  blotch  on  each  side.  PaJps  prominent,  projecting  straight  for- 
ward,  separate  to  the  base,  about  one  and  one-half  times  as  long  as  the 
prostomium,  broad  at  the  base  where  they  equal  one-half  the  width 
of  the  prostomium,  thence  diverging  slightly  and  tapering  to  the  rather 
slender,  bluntly  rounded  tips.  Median  tentaele  arising  posterior  to 
middle  of  prostomium  between  middle  pair  of  eyes,  lateral  tentacles 
dose  to  base  of  palps  laterad  of  anterior  eyes;  both  slender,  little 
tapered,  subequal,  reaching  about  one-fifth  of  their  length  beyond 
palps,  strongly  moniliform  except  at  base,  with  twenty  to  twenty-two 
joints. 

Peristomium  (PI.  XV,  fig.  1)  a  short  but  distinct  ring  hearing  two 
pairs  of  tentacular  cirri  similar  to  cephalic  tentacles  but  with  distinct 
ceratophores,  similar  to  the  cephalic  tentacles;  the  dorsal  equal  to 
the  latter  and  with  twenty  or  twenty-one  joints,  the  ventral  two-thirds 
as  long  with  fourteen  or  fifteen  joints.  Segments  ali  distinct,  short, 
uniannulate,  slightly  depressed,  increasing  in  width  to  near  the  middle. 
Pygidium  a  broadly  expanded,  furrowed  ring  whose  cirri  have  been  lost. 

Parapodia  (PI.  XV,'fig.  2)  of  a  length  generally  about  one-third  the 
width  of  their  segments.  Neuropodia  thick,  little  compressed  and 
little  tapered,  divided  distaJly  into  a  low  postsetal  lip  which  curvcs 
over  and  encloses  the  ends  of  the  acicula,  and  a  slightly  longer  presetal 
lip,  the  supraacicular  portion  of  which  is  a  small,  blunt,  projecting 
lobe  forming  the  dorso-distal  angle  of  the  neuropodium.  Posteriorly 
this  lobe  is  much  reduced  and  the  postsetal  lip  becomes  longer  and 
more  pointed.  Neurocirri  nearly  free  from  base  of  neuropodia; 
their  cirrophores  small  and  indistinct;  styles  slender,  tapered,  blunt, 
longer  than  neuropodium  and  with  a  swelling  on  the  dorsal  side  above 
the  base.  Posteriorly  they  become  more  slender.  Notocirri  strongly 
moniliform  and  very  distinctly  jointed  (though  the  joints  beconu» 
cylindricaJ  rather  than  spheroidaJ  or  ellipsoidaJ)  even  to  the  caudal 


'  Omitted  from  the  figure. 
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end;  drrophores  short  but  generally  distinct.  Those  on  II  and  V 
are  the  longest,  about  one  and  one-half  times  the  dorsal  tentacular 
cirrus  and  exceeding  the  greatest  width  of  the  body;  they  have  twenty- 
four  to  twenty-seven  joints;  III  and  IV  are  slightly  longer  than  the 
dorsal  of  I  and  have  nineteen  to  twenty-two  segments.  The  remaining 
notocini  are  more  or  less  regularly  altemately  longer  and  shorter  even 
to  the  caudal  end,  the  longer  in  general  equalling  about  three-fourths 
the  width  of  their  segments  and  the  shorter  about  three-fifths  their 
width.  Those  in  the  middle  of  the  body  have  about  sixteen  or  seven- 
teen  (fig.  2)  and  eleven  to  thirteen  (fig.  2a)  joints  respectively. 

Acicula  (PI.  XV,  fig.  2)  of  anterior  parapodia  in  a  row  of  six  or  seven, 
the  ends  of  which  appear  in  a  groove  at  the  dorso-distal  angle  of  the 
neuropodia.  They  are  pale  yellow,  rather  stout,  tapered  and  end  in 
blunt  points,  slightly  knobbed  and  variously  slightly  bent  or  even 
hooked;  middle  neuropodia  have  three  or  four  and  posterior  only  two. 

Setae  in  rough,  irregular  subacicular  fascicles  of  about  seven  rows 
of  three  or  four  each.  They  are  colorless  with  rather  long,  curved 
shafts  slightly  enlarged  at  the  distai  end  (PI.  XV,  fig.  3)  to  form 
simple,  oblique  articulations  roughened  by  a  few  minute  points. 
Appendages  of  ali  except  the  setsB  of  the  dorsal  row  comparati vely  short 
(fig.  3),  two  to  four  times  the  length  of  the  oblique  end  of  shaft,  scarcely 
curved  and  not  hooked  at  the  tip,  which  is  a  simple  point  below  which 
is  sometimes  an  obscure  accessory  tooth;  margin  strongly  toothed. 
Setae  of  dorsal  series  and  sometimes  one  or  two  of  the  next  row  more 
slender  (PI.  XV,  fig.  4)  with  Very  long,  slender,  straight  appendages 
usually  about  four  times  the  longest  of  the  lower  rows,  with  blimt 
ends  (fig.  46)  and  finer  marginai  denticulation  (fig.  4a).  Such  setae 
continue  to  the  caudal  end  and  are  similar  on  ali  segments.  Many  of 
the  posterior  parapodia  also  bear  a  single  stout,  nearly  straight,  spine- 
like  simple  seta,  as  long  as  the  shafts  of  the  others,  in  the  dorsal  part 
of  the  bundle;  it  is  probably  to  be  regarded  as  a  prolonged  aciculiun. 

Proboscis  (PI.  XV,  fig.  1)  protruded  about  one-third  of  its  length 
beyond  palps,  broad  cylindroid,  diameter  exceeding  prostomium, 
cuticle  thick,  smooth  and  entire  at  orifice  ;  dorsal  tooth  stout  and  blunt, 
probably  from  wear;  behind  this  is  a  circular  fold  hearing  eight  (or 
nine?)  distant,  soft,  rounded  papillse.  Gizzard  reaches  from  IX  to  XXI 
and  has  thirty-seven  rings.     Colorless  in  alcohol. 

The  only  specimen  was  taken  at  Station  4,423,  off  San  Nicolas  Island, 
Aprii  13,  339  fathoms,  gray  sand,  black  pebbles,  shells. 

Syllis  {EMersia)  anops  Ehlers,  from  the  Straits  of  Magellan,  is  a 
much  more  elongated  species  with  the  anterior  and  posterior  dorsal 
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set»  appendages  differing  in  forni.  S.  singulisetis  Gnibe,  from  the 
Philippines,  also  belongs  to  the  subgenus  Ehlersia,  but  has  only  four 
eyes. 

Piono8yllÌ8  typioa  sp.  nov.   PI.  XV,  figs.  5-7. 

Fpnn  moderately  slehder,  widest  in  the  region  of  the  gizzard,  from 
which  it  tapers  regularly  to  the  caudal  end.  The  well-extended  and 
complete  type  has  96  s^ments  and  is  31  mm.  long  and  1.2  mm.  in 
diameter  at  XXV. 

Prostomium  small,  somewhat  sunken  into  peristomium,  about  one 
and  two-thirds  times  as  wide  as  long,  the  greatest  width  posteriore 
the  sides  and  front  broadly  and  regulariy  rounded.  Eyes  two  pairs, 
dark  brown,  small,  anterior  pair  dose  to  lateral  border  and  about 
midway  of  length  of  prostomium;  posterior  pair  little  more  than  one- 
half  diameter  of  anterior  and  slightly  behind  and  within  them.  A 
pair  of  faint  ridges  run  from  the  posterior  eyes  to  the  posterior  border 
of  the  prostomium,  nearly  completing  with  the  eyes  a  V-shaped  figure. 

Palps  completely  separated  to  base,  bent  somewhat  ventrad,  broadly 
triangular  with  rounded  angles,  about  as  long  as  prostomium  and 
basai  width  about  two-thirds  length.  Median  tentacle  arising  between 
posterior  eyes,  about  one  and  one-fourth  times  as  long  as  prostomium 
and  palps,  slender  and  slightly  tapered,  divided  into  about  twenty- 
four  articles,  distinct  distally  but  obscure  toward  the  base,  not  strongly 
moniliform.  Lateral  tentacles  similar,  arising  from  a  slight  depression 
just  anterior  to  anterior  eyes,  nearly  three-fourths  as  long  as  median 
and  reaching  nearly  as  far,  divided  into  nineteen  or  twenty  joints. 
Mouth  rather  large  with  prominent  crenulated  lips. 

Peristomium  short  and  partly  erowded  beneath  prostomium,  but 
visible  for  entire  width  of  dorsum.  Tentacular  cirri  similar  to  tentacles, 
the  dorsal  slightly  exceeding  median  tentacle  in  length,  with  about 
twenty-six  joints;  the  ventral  somewhat  shorter,  with  twenty  joints. 
Body  segments  nearly  terete,  remarkably  regular  but  separated  by 
shallow,  inconspicuous  furrows  ;  except  for  a  few  short  anterior  ones  they 
are  half  as  long  as  wide  or  more.  From  the  maximum  width  at  the  end  of 
the  first  fourth  they  taper  regularly  to  the  pygidium,  which  is  a  small 
ring  and  bears  one  of  a  pair  of  cirri  as  long  as  the  last  nine  segments 
and  resembling  the  posterior  neurocirri  in  being  scarcely  articulated. 

Parapodia  (PI.  XV,  fig.  5)  situated  at  ventral  level  of  body,  well 
separated  throughout,  slender,  rather  conspicuous  in  ventral  view  but 
largely  conceaJed  from  the  dorsum.  The  neuropodia  are  slightly  com- 
pressed  and  taper  slightly  to  the  bluntly  rounded  and  rather  abruptly 
contracted  end,  which  is  divided  into  two  small  lips  separated  by  a 
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deep  cleft,  from  which  the  set®  arise  and  into  which  the  tips  of  the 
acieula  enter.  Neurocirri  arise  obliquely  from  basai  half  of  neuropo- 
dium,  cylindrieal  or  slightly  tapered  to  blunt  tips  reaching  well  beyond 
end  of  neuropodium,  especiaJly  on  anterior  segments.  Notocim 
arise  from  rather  prominent  but  indistinct  cirrophores  immediately 
above  base  of  neuropodia  and  ali  at  same  level.  Styles  ali  approxi- 
mately  of  one  length,  about  two-thirds  width  of  body,  the  anterior 
and  alternate  ones  scarcely  longer  than  the  others,  but  the  alternate 
ones  carried  erect.  Anterior  notocirri  are  somewhat  articulated, 
similarly  to  the  tentacles,  but  this  character  becomes  more  obscure 
toward  the  base  and  ón  more  caudal  cirri;  most  of  them  are  rather 
stout,  rather  quickly  tapered  and  more  or  less  transversely  wrinkled, 
rather  than  jointed.  Near  the  caudal  end  they  become  much  reduced 
in  size. 

Acieula  number  from  five  or  six  anteriorly  to  two  or  three  posteriorly  ; 
pale  yellow,  tapered,  the  ends  blunt  and  very  slightly  knobbed  (PI 
XV,  fig.  6). 

Setse  generaJly  about  twelve  or  fifteen,  in  oblique,  spreading,  fan- 
shaped  tufts;  colorless,  the  stems  long,  slender,  curved,  the  ends 
(PI.  XV,  fig.  7)  slightly  enlarged,  oblique,  with  four  or  five  just  per- 
ceptible  teeth  on  the  convexity  of  the  front  face  and  a  slight  shoulder 
behind.  Appendages  moderately  long,  varying  from  three  times 
diameter  of  distai  end  of  stem  in  ventral  to  five  times  its  diameter 
in  dorsaJ  setse,  except  at  the  posterior  end,  where  ali  are  shorter. 
They  (fig.  7)  are  of  peculiar  form  with  very  oblique  base,  beyond  which 
the  width  remains  nearly  uniform;  distally  abruptly  truncated  and 
ending  in  a  stout  oblique  spur,  above  which  is  a  delicate  curved  tooth 
often  nearly  worn  away;  a  very  fine  marginai  fringe  ending  in  a  more 
prominent  tuft  of  hairs. 

This  species  stands  closer  to  the  type  species  than  any  of  the  three 
already  described  from  the  Pacific  coast  of  North  America.  Johnson's 
species,  P,  dongata,  appears  to  be  more  properly  referred  to  SynsyUis 
Verrill.     Much  confusion  in  the  usage  of  the  genus  exists  among  authors. 

Station  4,430,  off  Santa  Cruz  Island,  Aprii  14,  197  fathoms,  black 
sand  and  pebbles.    Two  specimens. 
PionoBjUiB  gigantea  Moore. 

About  forty  anterior  segments  of  a  specimen  of  this  large  species 
from  an  imknown  locality.     As  noted  above  it  is  doubtful  if  this  species 
really  belongs  to  Pionosyllis. 
TrTpanoBjlliB  intermedia  Moore. 

Owing  to  the  deficiencies  of  the  type  the  originai  description  of  this 
species  is  incomplete  and  may  be  added  to  here. 
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A  complete  specimen  with  230  much  contracted  segments  is  60  mm. 
long,  with  a  maximum  body  width  of  3.2  mm.  at  XXX.  Prostomium 
subquadrate,  slightly  wider  than  long;  with  a  deep  postero-median 
dorsal  incision  and  furrow.  PaJps  completely  separated  to  base, 
slightly  longer  than  prostomium,  somewhat  divided  into  basai  and 
terminal  portions  ;  the  f ormer  somewhat  swollen  and  the  latter  slender 
and  abruptly  bent  ventrad.  Median  tentacle  five  or  six  times  length 
of  prostomium  and  composed  of  fifty-six  very  short  joints;  lateral 
tentacles  about  one-half  as  long,  with  thirty-five  to  thirty-eight  joints. 
Eyes  on  each  side  nearly  or  quite  coalesced.  Tentacular  cirri  arising 
beneath  prostomium,  the  dorsal  nearly  equal  to  median  tentacle, 
with  fifty  joints;  the  ventral  slightly  shorter  than  lateral  tentacle, 
with  about  thirty-five  joints.  Notocirrus  of  II  the  longest,  about 
one-third  more  than  the  median  tentacle,  with  sixty-four  to  seventy 
joints;  that  of  III  scarcely  shorter  and  of  IV  two-thirds  as  long  as  II. 
FoUowing  this  the  notocirrophores  of  odd-numbered  segments  are  at  a 
slightly  higher  level  and  bear  slender  styles  as  long  as  the  width  of 
their  segments  and  with  as  many  as  sixty  or  seventy  very  short  joints  ; 
those  of  even-numbered  segments  have  styles  about  two-thirds  as 
long.  Pygidium  a  tapered  ring  hearing  a  pair  of  slender  cirri  as  long 
as  its  diameter  and  with  twenty-five  to  thirty  joints. 

A  pharynx  dissected  had  the  circle  of  teeth  in  somite  Vili;  there 
are  eighteen  to  twenty  slender  compressed  soft  papillae  and  apparently 
as  many  teeth,  but  the  latter  are  so  much  broken  that  this  cannot  be 
determined  with  certainty.  Gizzard  in  XVIII  to  XXIX  with  thirty- 
five  distinct  and  seven  or  eight  indistinct  rings. 

The  anterior  thirty-five  or  forty  segments  are  reddish-brown  above 
with  pale  intersegmental  lines. 

One  specimen  each  from  stations  4,417,  off  Santa  Barbara  Island, 
Aprii  12,  29  fathoms,  fine  yellow  sand,  rock  and  coralline;  and  4,420, 
off  San  Nicolas  Island,  Aprii  12,  291  fathoms,  gray  mud  and  rock. 

OdontOByUlB  phoiphorea  sp.  nov.    PI.  XV,  flgs.  fr-io. 

Epitokous,  sexually  mature  examples,  unfortunately  much  dis- 
torted  and  broken.  The  type  and  largest  specimen  lacks  some  of  the 
caudal  segments  and  measures  23  mm.  long,  2.5  nmi.  in  maximum 
width  between  tips  of  parapodia  and  1.5  mm,  in  width  of  body  only. 
The  anterior  region  of  twenty-three  segments  is  4.6  mm.  long,  the 
middle  of  fifty-one  segments  provided  with  swimming  notopodial  setae 
is  17  mm.,  and  only  four  segments  of  the  posterior  region  remain,  mak- 
ing  seventy-eight  segments  in  aJl.    A  smaller,  more  extended  and 


Digitized  by 


Google 


328  PROCEEDINGS  OF  THE  ACADEMY  OP  [June, 

posteriorly  complete  cotype  is  18  mm.  long,  the  anterior  region  being 
5  mm.  and  the  posterior  5.5  mm.     Segments  23  -f  26  +  31  =  80. 

Form  rather  short  and  stout,  widest  at  the  middle,  the  ventral  sur- 
face  fiat,  the  dorsal  more  or  less  arched,  most  so  in  the  anterior  region, 
which  is  nearly  as  high  as  wide;  the  middle  and  posterior  regions 
depressed. 

Prostomium  small,  short,  bent  downward,  subprismatic  vnih 
rounded  angles,  about  two-thirds  as  long  as  wide  and  deeperthan  long, 
the  front  abruptly  vertical,  somewhat  excavated  for  the  tentacles. 
Eyes  two  pairs,  moderately  large  with  large  lenses,  brown,  occupying 
sides  of  prostomium,  the  anterior  pair  directed  chiefly  forward,  the 
posterior  upward.  Though  themselves  distinct  they  are  enveloped 
in  an  irregular  eurved,  broad  band  of  black  pigment  which  occupies 
most  of  the  lateraJ  and  posterior  dorsal  part  of  the  prostomium.  The 
three  tentacles  arise  dose  together,  the  median  more  dorsal,  from 
a  depression  in  the  middle  of  the  frontal  face,  small,  slender,  unjointed, 
subequal,  somewhat  exceeding  length  of  prostomimn.  Palpi  directed 
ventrad,  thick,  fleshy  separated  knobs. 

Peristomium  achaetous,  largely  concealed  by  prostomium,  only  a 
very  short  dorsal  ring  and  larger  lateral  prominences  showing.  Two 
pairs  of  tentacular  cirri,  unjointed  but  transversely  wrinkled,  the 
ventral  about  as  long  as  width  of  prostomium,  the  dorsal  about  one 
and  one-half  times  as  long.  The  nuchal  fold  arises  from  the  dorsum 
of  II  and  is  a  prominent,  semicircular,  deeply  pigmented,  free,  mem- 
branous  flap,  with  a  basai  width  equaJ  to  one-haJf  the  segment  and 
covering  the  posterior  part  of  the  prostomium  as  far  as  the  anterior 
eyes.  Somite  II  and  remaining  setigerous  segments  are  uniannular 
and  well  marked  by  irregular  furrows,  differing  in  the  several  regions 
as  indicated  above.  Pygidium  a  small,  low,  dome-shaped  ring  hsLving 
a  pair  of  short,  thick  fusiform  cirri. 

Parapodia,  owing  partly  to  the  contraction  of  the  specimens,  very 
little  prominent,  those  of  the  anterior  and  posterior  regions  uniramous 
(PI.  XV,  fig.  8),  of  the  middle  region  biramous  (fig.  9).  Neuropodia 
short,  stout,  with  blunt  ends,  terminating  in  two  short,  thick,  rounded 
lips,  of  which  the  postsetal  is  usually  slightly  the  longer;  both  termi- 
nating dorsally  at  the  acicula,  which  lie  slightly  below  the  dorsal  border 
of  the  neuropodia.  In  the  middle  region  the  neuropodia  (PI.  XV,  fig.  9) 
are  somewhat  longer  than  in  the  anterior  region,  but  otherwisesimilar. 
The  notopodia  are  low,  flattened  protuberances  pushed  out  anterior 
to  the  seta  tuft  into  a  pointed,  conical  acicular  process.  In  the 
posterior  region  the  parapodia  are  neuropodial  only  and  are  gradually 
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reduced  in  size.  Neurocini  arise  from  beneath  the  base  and  rather 
on  the  posterior  face  of  the  neuropodia,  and  have  somewhat  swollen 
bases  and  a  small,  slightly  distinct  distai  piece  reaching  about  as  far 
as  the  end  of  the  neuropodium.  They  are  similar  on  ali  parapodia. 
Notocini  arising  from  low  swellings  (but  not  distinct  cirrophores) 
on  the  dorsum  well  above  the  parapodia.  Styles  rather  long,  slender 
and  unjointed,  but  more  or  less  wrinkled.  The  first  (on  II)  is  longer 
than  the  others,  about  twice  the  dorsaJ  peristomial  cirrus  and  about 
one  and  one-third  the  width  of  the  segment;  that  of  III  is  less  than 
two-fìfths,  of  IV  about  three-fifths  and  of  V  about  seven-eighths  of 
that  of  II;  remaining  notocirri  are  alternately  longer  and  shorter, 
those  in  the  middle  region  being  respectively  about  equal  to  three- 
fifths  and  one-third  the  width  of  their  segments. 

Neuropodial  acicula  generally  two  in  anterior,  three  in  middle 
region,  moderately  stout,  straight,  tapered,  the  ends  slightly  knobbed. 
Notopodial  aciculum  single,  slender,  gently  tapered  and  curved,  the 
distai  end  slightly  knobbed  and  often  bent  at  the  end.  Neuropodial 
setae  entirely  subacicular,  in  dense  fascicles  of  several  ranks,  rather 
numerous,  usually  ten  or  eleven  ranks  of  three  or  four  each.  They  are 
colorless,  rather  stout,  with  curved  stems  becoming  thicker  distally 
and  ending  obliquely  in  a  blunt,  slightly  roughened  point  (PI.  XV, 
fig.  10).  Appendages  short  broad  blades  varying  in  length  only  from 
once  to  twice  the  width  of  the  distai  end  of  the  stem,  the  longest  occur- 
ring  in  anterior  parapodia  and  the  ventral  part  of  the  bundles,  termi- 
nating  in  a  prominent  hook,  well  below  which  is  a  stout  spur.  In  the 
posterior  region  a  solitary  slender,  curved  simple  seta  also  occurs  in 
each  fascicle,  but  has  not  been  detected  elsewhere. 

A  dissected  proboscis  exhibits  the  characteristic  thick  bow  and  fold 
of  the  chitinous  rim,  but  the  number  and  character  of  the  teeth  is  not 
evident.    The  gizzard  of  the  same  specimen  has  sixty-seven  annulations. 

Color  pale  yellow  with  a  conspicuous  spot  on  the  prostomium,  the 
nuchal  fold  and  narrow  intersegmentaJ  transverse  lines  black;  in  the 
middle  and  posterior  regions  every  fourth  one  of  the  latter  is  much 
wider  and  denser,  and  at  these  deeply  pigmented  furrows  the  f requent 
fractures  of  the  body-waJls  always  occur;  appendages  colorless; 
eyes  brown. 

The  label  reads  :  "  Phosphorescent  annelids  caught  at  surface,  Avalon 
Bay,  Catalina  Island,  evening,  Aprii  11,  1904,  Albatross."  Professor 
William  S.  Ritter  wTites  that  a  phosphorescent  annelid  swarms  at  the 
surface  of  San  Diego  Bay.  Doubtless  this  is  the  species  here  described. 
It  is  a  f requent  characteristic  of  species  of  this  genus  to  be  luminiferous. 
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Syllid  gen.  et  sp.? 

A  small  syllid,  probably  a  true  Syllis  or  Evsyllis,  from  an  unknown 
station,  cannot  be  identified,  and  its  characters  are  put  on  record  for 
the  use  of  a  future  describer. 
Length  11  mm.,  segments  72. 

Prostomium  nearly  twice  as  wide  as  long,  rounded  laterally,  slightly 
convex  anteriorly  and  nearly  straight  posteriorly.  Eyes  very  imper- 
fect  (probably  abnormal),  represented  by  a  minute  speck  of  pigment 
dose  to  the  base  of  the  palp  on  one  side,  and  a  larger  but  stili  very  small 
eye  with  a  lens  on  the  other  side.  No  trace  of  tentacles  remains,  but 
it  seems  very  improbable  that  they  should  be  normally  absent  in  a 
syllid  of  this  type.  Palps  projecting  forward  and  curved  downward 
pistally,  free,  broad,  subelliptical,  flattened,  their  length  nearly  equal 
to  width  of  prostomium,  and  their  combined  width  exceeding  that  of 
prostomium. 

Peristomium  very  short  above,  swelling  to  a  broad  lip  at  the  sides 
and  below.  An  incomplete,  strongly  moniliform,  dorsal  tentacular 
cirrus  with  seventeen  joints  remaining  exists  on  one  side,  but  the  others 
are  lost. 

Body  strongly  arched  anteriorly,  but  more  flattened  behind.  First 
twelve  segments  very  short  and  separated  by  deep  furrows,  the  others 
becoming  longer  until  in  the  middle  region  they  are  one-fourth  as  long 
as  wide.  Pygidium  a  very  short  ring  with  a  slight  median  lobe,  hear- 
ing a  pair  of  very  long,  slender,  moniliform  cirri  as  long  as  the  last 
twelve  segments  and  consisting  of  more  than  f  orty  joints  ;  in  addition 
there  is  a  very  minute  unjointed  median  cirrus. 

Parapodia  small,  the  neuropodia  cylindroid,  little  compressed, 
truncate,  the  distai  end  divided  into  nearly  equal,  short,  thick,  rounded 
presetal  and  postsetal  lips.  Neurocirri  rather  slender,  tapered,  im- 
jointed,  blunt,  reaching  slightly  beyond  end  of  neurocirri.  Notocirri 
arising  from  prominent  swellings  and  small  cirrophores  well  above 
neuropodia;  very  long,  flexible,  very  strongly  moniliform,  alternately 
longer  (on  odd-numbered  segments)  and  shorter  (even-numbered 
segments).  At  the  anterior  end  mostly  lost;  on  middle  segments  the 
short  ones  exceed  the  width  of  their  segments  and  bave  thirty-five  or 
forty  joints,  the  long  ones  are  twice  the  width  of  their  segments  and 
have  fifty  to  fifty-five  joints.  Even  near  the  caudal  end  they  are  not 
much  shorter,  the  longest  having  forty  or  more  joints  and  the  short 
ones  twenty-five  or  thirty. 

Acicula  three  or  four  in  a  row  ending  at  the  dorso-lateral  angle,  pale 
yellow,  tapered  to  blunt,  slightly  knobbed  tips.    Seta?  few,  sddom 
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exceeding  ten  or  twelve  and  oftener  fewer,  colorless,  transparent,  with 
rather  stout,  curved  stems,  terminating  in  enlarged,  oblique  ends 
which  appear  to  be  quite  smooth.  Appendages  usuaUy  about  twice 
as  long  as  the  oblique  end  of  stem,  with  straight,  simple  points  and 
strongly  developed  marginai  fringe.  Parapodia  of  the  last  thirty 
segmenta  at  least  bear  a  single  simple  spine  which  projects  prominently 
from  the  dorsal  part  of  the  bundle.  It  has  about  twice  the  thickness 
of  the  compound  setse,  is  very  slightly  curved  and  ends  in  a  blunt 
point.  The  most  posterior  project  very  prominently  to  quite  the 
length  of  the  compound  setsB;  further  forward  they  are  less  conspicu- 
ous,  and  anterior  to  XL  none  can  be  detected. 

Proboscis  retracted  and  on  account  of  the  opacity  and  pigmentation 
of  the  anterior  end  difficili t  to  see.  It  appears,  however,  to  have  a 
smooth  margin.     Gizzard  in  XV  to  XXII,  with  thirty-four  rings. 

Color  anteriorly  pale  brown  owing  to  numerous  granules  in  the 
integument,  passing  through  yellow  into  a  nearly  colorless  posterior 
end. 
AatolytaB  sp.? 

A  single  example  of  a  stock  regenerating  behind  and  incomplete 
from  the  loss  of  many  of  the  appendages.  Length  16  mm.,  width 
between  tips  of  parapodia  1.4  mm.;  segments  85  with  a  narrow 
regenerating  bud  of  13  segments. 

Prostomium  broadly  ellipsoid,  anterior  and  posterior  borders  nearly 
straight,  sides  prominently  convex;  with  the  palps  as  seen  from  above 
the  outline  nearly  circular.  Eyes  two  pairs  with  lenses,  the  anterior 
nearly  black,  diameter  about  one-fifth  width  of  prostomium,  located 
midway  of  the  length  of  prostomium  at  its  lateraJ  borders,  looking 
outward  and  a* little  downward  and  forward;  posterior  brown,  about 
one-half  diameter  of  anterior,  with  which  they  are  in  contact  on  the 
dorso-postero-median  side.  Palps  completely  coalesced  to  tips,  but 
having  a  depressed  median  line  and  barely  perceptible  distai  emar- 
gination.  Median  tentacle  lost,  but  one  lateral  tentacle  present,  arising 
just  above  base  of  palp  nearly  in  line  with  anterior  eye,  coarse,  little 
tapered,  its  length  six  or  seven  times  prostomium  and  palps,  but  much 
twisted  and  probably  incomplete. 

Peristomium  hearing  large  cirrophores,  but  only  the  ventral  style 
of  one  side  remaining,  this  being  one-half  the  length  of  the  lateral 
tentacle.  Anterior  segments  imperfectly  separated,  the  furrows 
shallow;  width  increasing  for  about  twenty  segments  to  the  gizzard 
region  and  then  nearly  uniform  to  the  end.  A  wedge-shaped  median 
elevation  with  apex  at  the  peristomium  extends  over  the  first  six  or 
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seven  segments,  and  is  bounded  by  the  divergent  epaulettes  which  ex- 
tend  caudad  from  the  peristomium  and  have  pigmented  borders.  The 
regenerating  region  is  quite  small,  barely  a  mm.  in  length  and  about 
one-fourth  that  in  width,  and  ends  in  an  unsegmented  blunt  pygidium 
without  cirri. 

Parapodia,  as  usuai  in  the  genus,  short,  thick,  ventral  in  position, 
lacking  free  neurocirri  which  become  coalesced  with  the  neuropodia  to 
f onn  opaque  ventral  swellings  ;  neuropodia  terminating  in  short ,  thick, 
presetal  and  postsetal  lips.  Notocirri  with  large  cirrophores,  often  as 
large  as  the  neuropodia;  styles  unjointed,  coarse  and  similar  to  the 
tentacle,  very  easily  detached  and  many  missing.  That  of  II  very  long, 
about  twice  the  lateral  tentacle  and  reaching  to  about  XX;  that  of 
III  about  one-half  as  long;  the  others  much  shorter,  the  longest  about 
one-half  III  or  about  width  of  body. 

Acicula  four  (on  one  parapodium  studied),  tapered  to  blunt  points. 
SetsB  forming  rather  dense  tufts,  colorless,  the  shafts  rather  stout, 
strongly  curved,  distally  enlarged  and  near  the  articulation  denticu- 
lated  on  both  faces.  Appendages  little  longer  than  oblique  end  of 
shaft,  triangular  with  bidentate  ends,  the  anterior  tooth  larger  and 
somewhat  hooked. 

No  teeth  visible  at  end  of  retracted  proboscis,  oesophagus  scarcely 
looped;  gizzard  in  XX-XXVIII,  apparently  about  thirty-three 
rings.     No  color. 

The  single  specimen  comes  from  an  unknown  station. 

SPHiBRODORIDiB. 

Although  at  least  five  generic  names  have  been  applied  to  the  few 
known  species  of  this  very  small  f amily,  it  seems  that  the  forms  possess- 
ing  compound  setse  stili  lack  proper  generic  designation.  Indeed,  if 
the  synonymies  published  by  European  authors  be  correct,  ali  of  these 
names  are  based  upon  a  single  type  species.  As  each  was  originally 
proposed  f  or  a  single  species,  there  is  no  difficulty  about  fixing  the  types. 
Three  names  were  proposed  in  1843:  Ephesia  Rathke  for  E.  gracilis 
Rathke  (n.  sp.),  Sj>hcerodorum  Oersted  for  S,  flavum  Oersted  (n.  sp.) 
and  Bebryce  Johnston  for  P.  peripcUus  Johnston  (n.  sp.).  Ephesia 
was  previously  used  by  Hùbner  in  1816  for  a  genus  of  Lepidoptera,  and 
Bebryce  is  preoccupied  by  Bebryce  Philippi,  1842.  Nothing  in  the 
descriptions  of  the  types  serves  to  differentiate  them;  they  ali  certainly 
have  simple  setae  and  lack  spherical  organs  other  than  those  directly 
related  to  the  parapodia.  Two  years  later  Johnston,  discovering 
the  earlier  use  of  Bebryce,  substituted  PoUicita,  but  admits  the  prob- 
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able  identity  of  his  type  species  with  SphxBrodorum  flavum  Oersted. 
Perrier  in  1897  proposed  Hypephesia  for  species  with  simple  setae, 
naming  H.  gracUis  as  the  type. 

Levinsen  emplo3rs  Ephesia  to  inelude  both  typical  species  with 
simple  setae  like  E.  gracUis  Rathke  and  forms  with  compound  setae 
like  E,  peripaius  Qaparède  (non  Johnston),  while  Sphcerodorum  is 
retained  for  those  species  which  bear  severa!  series  of  spherical  append- 
ages  with  granular  contents  and  which  have  the  setae  compound,  hke 
S.  claparedii  Greeff.  St.  Joseph,  on  the  other  hand,  prefers  to  sepa- 
rate the  genera  on  the  basis  of  setae  characters,  ranging  under  Ephesia 
species  with  simple  setae  and  under  Sphcerodorum  those  with  the  setae 
compound.  Finally  Perrier  recognizes  the  three  generic  types  apparent 
in  the  f amily,  retains  Levinsen's  application  of  Sphcerodorum  but  divides 
his  Ephesia,  unfortunately  applying  that  name  to  the  E.  peripaius 
group  and  giving  a  new  name  (Hypephesia)  to  the  typical  E,  gracUis 
with  simple  setae. 

It  is  evident,  therefore,  that  Sphcerodorum  is  the  proper  name  for 
the  papillated  forms  with  simple  setae  only,  and,  so  far  as  I  am  aware,  no 
distinct  tenable  generic  names  are  in  existence  for  the  two  types  with 
compound  setae. 

The  present  collection  includes  a  species  of  each  of  the  three  types 
known  in  the  family,  but  ali  are  provisionally  placed  in  the  genus 
Sphcerodorum,  a  proceeding  that  may  be  justified  because  the  known 
number  of  species  is  so  small  that  no  confusion  will  result  froin  plac- 
ing  ali  in  a  single  genus,  because  increased  knowledge  of  the  species  of 
the  family  may  make  known  forms  possessing  intermediate  characters, 
and  because  the  relationships  of  the  Sphaerodoridae  have  been  so 
variously  conceived  that  it  is  possible  that  other  generic  names  have 
been  overlooked. 
SphaBTodoniiii  papillifer  sp.  nov.    PI.  XV.  figs.  li,  12. 

Moderately  slender,  tapering  both  ways,  the  greatest  width  nearer 
the  anterior  end,  subterete,  but  somewhat  depressed  and  flattened 
below.  Length  of  type  30  mm.  ;  maximum  diameter  at  end  of  anterior 
two-fifths  1  mm.  ;  segments  102.  Other  specimens  one  or  two  milli- 
meters  shorter. 

Anterior  end  blunt,  the  prostomium  and  peristomium  retracted  and 
difficult  to  distinguish,  the  former  a  very  short,  simple,  slightly  domed 
lobe  studded  with  papillae  and  without  definite  appendages,  though 
three  papillae  longer  than  the  others  may  represent  the  tentacles  and  a 
pair  of  mammilliform  papillae  the  palps.  Peristomium  a  simple,  not 
clearly  differentiated  ring  surrounding  the  mouth  and  hearing  a  pair 
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of  small  globoid  cirri.  On  the  doraum  is  a  <-shaped  group  of  con- 
spicuous  Hack  eye-spots  which  extend  on  to  somite  II.  Typically 
there  seem  to  be  two  pairs,  but  frequently  there  is  an  additional  pair 
of  spots  or  a  median  spot  anteriorly. 

Segments  short  and  uniannular  or  slightly  and  irregularly  annulated, 
mobile  and  irregularly  contracted  in  the  different  regions;  posteriorly 
becoming  very  small  and  tapering  into  a  minute  pygidium  which  bear 
a  pair  of  spherical  cirri  with  small  apical  papillse  and  in  addition  a 
minute  median  cirrus  or  papilla.  Surface,  particularly  toward  the 
ends  of  the  body,  hearing  numerous  small,  pointed  or  somewhat  davate 
retractile  papillsB  which  are  evidently  of  a  sensory  nature  and  become 
larger  in  the  neighborhood  of  the  parapodia. 

Parapodia  (PI.  XV,  fig.  11)  rather  inconspicuous,  lateral,  probably 
uniramous.  They  consist  of  a  slender,  conical  setigerous  neuropodium 
roughened  with  small,  conical,  sensory  papillae  becoming  longer  towards 
its  distai  end,  which  terminates  in  an  especially  prominent  one  or 
postsetal  lobe.  A  much  stouter  process  arising  from  the  postero- 
ventral  region  of  the  neuropodium,  having  nearly  the  structure  of  the 
sensory  papillae,  is  undoubtedly  the  neurocirrus.  Quite  distinct  from 
and  well  dorsad  of  the  neuropodium  is  a  spherical  prominence  (noto- 
podium?)  hearing  oii  the  middle  of  the  distai  face  a  small  davate 
cirrus.  The  spherical  body  is  largest  and  most  conspicuous  on  middle 
segments,  but  the  distai  cirrus  is  larger,  both  relatively  and  absolutdy, 
at  the  ends.  These  organs  are  enveloped  in  a  thick  cuticle  and  the 
interior  is  filled  with  a  snarl  of  slender,  elongated  bodies  and  opaque 
brownish  granules,  giving  to  the  entire  organ  its  characteristic  opacity. 
A  short  distance  farther  dorsad  is  a  davate  papillae  similar  to  that 
borne  by  the  spherical  body  but  more  slender  and  elongated,  especially 
on  middle  segments. 

Neuropodial  aciculum  single — a  rather  stout,  yeUo\\ish,  tapered 
spine  ending  in  a  simple,  blunt,  somewhat  projecting  point.  Setae 
few,  about  four  to  six,  projecting  unequal  distances  in  an  irregular 
fascicle  in  each  neuropodium  (fig.  11).  AU  are  simple,  colorless,  rather 
stout,  the  shafts  straight  or  nearly  so,  the  ends  expanded  into  a  blade- 
like  extremity  with  a  knife-like  edge  rising  into  a  slightly  curved  point 
and  passing  at  the  base  into  a  slightly  differentiated  lateral  spur. 
They  exhibit  little  variety  in  shape  or  proportions  (PI.  XV,  fig.  12). 

Proboscis  unknown.  Color  nearly  uniform  pale  yellow,  faded,  the 
eye-spots  deep  brown. 

Six  specimens  from  station  4,400,  off  San  Diego,  Aprii  8, 500  f athoms 
green  mud. 
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One  is  a  female  fiUed  with  large  eggs  distinctly  visible  to  the  naked 
eye;  the  others,  including  the  type,  appear  to  be  males. 

Spliarodoram  brevioapitii  sp.  nov.    PI.  XV,  flgs.  is,  14. 

Although  considerably  larger  this  species  closely  resembles  S. 
papiUifer  in  general  appearance.  The  type  and  only  specimen,  much 
contracted  and  distorted,  is  39  mm.  long,  with  a  maximum  diameter 
without  parapodia  of  1.6  mm.,  and  has  96  segmenta. 

Owing  to  the  partial  protmsion  of  the  proboscis  as  a  soft  bulbous 
structure  the  prostomium  is  crowded  dorsad.  It  appears  as  a  very 
slight,  scarcely  distinguishable  lobe,  hearing  scattered  papillae,  of 
which  five,  though  stili  small,  are  larger  than  the  others  ;  threè  of  these 
are  very  dose  together  near  the  anterior  margin  of  the  lip;  the  others 
are  separated  by  a  considerable  interval  on  each  side. 

Peristomium  likewise  indistinct — ^a  short  achaetous  ring  hearing  a 
minute  mammilliform  papilla  on  each  side.  A  pair  of  rather  large, 
widely  separated  pigment  spots,  the  remains  of  a  pair  of  eyes,  lies 
partly  on  this  segment  but  chiefly  on  III.  Owing  to  the  condition  of 
the  specimen  little  can  be  determined  about  the  normal  appearance  of 
the  segments.  The  cutaneous  papillse,  however,  are  less  numerous 
and  smaller  than  in  S,  papiUifer.  They  are  scattered  fairly  uniformly 
over  the  surface,  becoming  more  numerous  on  the  parapodia.  Pygi- 
dium  a  minute  ring  hearing  a  pair  of  low,  broad,  mammilliform  papillae, 
ÌDesides  at  least  two  small,  simple  papillae. 

Parapodia  (PI.  XV,  fig.  13)  in  general  similar  to  those  of  S.  papillifer, 
but  the  parts  more  widely  separated  and  the  neuropodia  more  slender 
and  cylindrical  with  a  conical  apex,  rather  than  simply  conical,  and 
ending  in  a  small  postacicular  lobe.  Neurocirri  smaU,  subconical 
processes  arising  from  the  posterior  ventral  side  of  the  neuropodia  just 
at  the  base  òf  the  terminal  cone.  Spherical  organ  prominent,  with  a 
thinner  cuticle  than  in  S.  papiUifer,  and  the  papilla  borne  on  the  ventral 
side  of  the  base  instead  of  on  the  outer  surface.  Dorsal  papilla  (noto- 
cirrus)  well  above  spherical  organ,  small,  claviform,  with  a  widened 
base. 

Aciculiun  single,  rather  more  slender  than  that  of  S.  papiUifer, 
but  similar  in  form,  colorless,  the  blunt-pointed  tip  projecting  freely. 
Setae  in  irregular  fascicles  of  usually  eight  or  nine,  rather  prominent, 
ali  compound  or  semi-compound,  becoming  widened  and  flattened 
distally  and  then  tapering  into  a  hooked  tip  or  appendage  which  is 
articulated  to  the  stem  by  an  oblique  joint,  the  absence  of  which  would 
leave  these  setae  very  similar  to  those  of  S.  papiUifer  (PI.  XV,  fig.  14). 
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Proboscis — see  above.  Color  slightiy  yellowish  ;  opaque  from  pres- 
ence  of  sperm-balls  with  which  coelom  is  packed. 

Type  only,  from  station  4,395,  off  Santa  Catalina  Islanda,  March  31, 
2,045  fathoms,  blue-gray  mud. 

Splisrodonim  aphaeralifer  sp.  uov. 

Fragment  of  caudal  end  of  a  species  related  to  S.  duparedii  Greeff , 
but  with  the  large  spherical  bodies  more  numerous.  It  is  dark  brown 
and  very  opaque.  Each  segment  bears  on  the  dorsum  two  or  three 
pairs  of  large,  and  alternating  with  them  smaller,  spheroidal  bodies, 
ali  partially  united  at  their  bases  into  a  somewhat  irregular  trans- 
verse ridge.  The  smaller  numbers  are  at  the  posterior  end,  and  they 
increase  regularly  as  far  as  the  piece  extends  to  the  middle  segments. 
Several  similar  but  smaller  bodies  occur  on  the  venter.  Neuropodia 
generally  similar  to  those  of  S.  hrevicajyitiSj  but  the  very  extensile 
neurocirri  and  postacicular  lobes  are  much  larger,  a  papilla  appears 
to  be  absent  from  the  notopodial  organ  and  the  first  (a  smaller  one) 
of  the  transverse  series  of  dorsal  appendages  may  be  the  notocirrus 
of  each  segment.  Setse  compound,  similar  to  those  of  S,  brevicapitis, 
but  with  the  joint  more  distinct  and  the  appendage  somewhat  longer. 

The  single  specimen,  included  among  some  invertebrates  presented 
to  the  Academy  by  Professor  Harold  Heath,  was  taken  from  a  deep- 
sea  fish-line  in  Monterey  Bay  on  July  16,  1902. 

HESIONIDiB. 
Podarke  pag«tteniii  Johnson. 

About  a  dozen  specimens  with  up  to  fifty-eight  segments  and  except 
for  the  eyes  devoid  of  pigment.  One  is  regenerating  the  caudal  end. 
Many  have  the  proboscis,  which  has  not  been  described,  protruded. 
It  meafiures  about  1.5  mm.  long  and  half  as  wide,  the  basai  two-thirds 
swoUen,  bulbous  and  smooth,  the  distai  portion  subcylindrical  or  trun- 
cated  conical  and  more  or  less  compressed;  terminal  orifice  a  vertical 
slit  surrounded  by  eight  or  ten  faintly  marked  small  papiUae. 

The  first  mention  of  this  species  in  literature  is  under  the  name  of 
Ophiodromus  by  Harrington  and  Griffin  as  a  parasite  on  Asterìas 
in  Puget  Sound. 

San  Diego  Bay,  Beacon  No.  3  Shoal,  March  1,  1904. 

PHTLLODOOIDiB . 
PhyUodoee  mnooBa  Oersted. 

This  species,  already  recorded  from  the  North  Pacific,  appears  to  be 
common  off  southern  California.     Most  of  the  specimens  are  well 
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preserved  and  agree  closely  with  typical  examples  of  the  species  taken 
in  the  North  Atlantic  at  Labrador  and  Greenland,  as  well  as  with  the 
figures  of  Malmgren  and  other  European  authors.  The  only  apparent 
difference  is  that  the  Pacific  examples  may  have  one  or  two  more  papil- 
Ise  in  some  of  the  rows  on  the  proboscis,  most  of  them  having  11  or  12 
in  the  upper  and  lower  and  13  or  14  or  rarely  15  in  the  middle  rows. 
None  shows  any  trace  of  a  median  dorsal  series,  but  the  other  papiUse 
are  prominent  and  generally  have  a  conspicuous  brown  spot  on  the 
posterior  face.  The  f orm  of  the  prostomium  is  very  changeable  and 
may  be  pyramidal,  ovate  or  deeply  cordate,  but  is  always'more  or  less 
emarginate  posteriorly.  The  nuchal  papilla  is  minute  and  inconspicu- 
ous.  Several  specimens  are  regenerating  lost  caudal  ends  and  one  is 
filled  with  eggs. 

Seven  specimens  from  station  4,399,  oflf  San  Diego,  Aprii  7,  245 
fathoms,  fine  gray  sand  and  rock;  and  one  from  each  of  the  foUowing: 
4,445,  Monterey  Bay,  May  11,  66  fathoms,  green  mud;  4,476,  same, 
May  16,  39  fathoms,  soft  green  mud;  4,482,  same,  May  17, 43  fathoms, 
soft  green  mud;  4,485,  same,  108  fathoms,  soft  green  mud  and  sand; 
4,519,  same,  May  26,  35  fathoms,  hard  gray  sand;  4,548,  same,  June 
7,  46  fathoms,  coarse  sand,  shells  and  rock. 

PhyUodoce  medipapUlata  Moore. 

The  median  dorsal  series  of  proboscidial  papilla  is  always  well 
developed  and  quite  as  conspicuous  as  the  others.  Besides  this  charac- 
ter  this  species  is  distinguished  from  the  related  P.  miLcosa  by  having 
the  set»  appendages  much  shorter  and  the  notocirri  ovate-lanceolate 
instead  of  truncated  as  in  that  species.  The  large  specimen  is  just 
100  mm.  long  with  201  segments. 

A  single  example  was  coUected  at  each  of  the  following  stations: 
4,420,  off  San  Nicolas  Island,  Aprii  12, 33  fathoms,  fine  gray  sand  ;  4,460, 
Monterey  Bay,  May  12, 55  fathoms,  green  mud,  gravel  ;  4,558,  Monterey 
Bay,  June  9,  40  fathoms,  rock. 

PhyUodooe  ferruginea  sp.  nov.   Pi.  XV,  flgs.  15-18. 

Two  complete  specimens  of  nearly  equal  size.  The  type  measures 
46  mm.  long,  .7  mm.  in  maximum  width  of  body  and  1.2  mm.  between 
tips  of  parapodia;  148  segments.  Very  slender,  nearly  linear,  widest 
about  end  of  anterior  third,  somewhat  depressed. 

Prostomium  (PI.  XV,  fig.  15)  regularly  elliptical,  about  fivensixths 
as  Wide  as  long,  slightly  depressed,  slightly  truncated  at  both  ends 
and  with  a  very  slight  posterior  median  emargination,  strongly  convex 
above.    Eyes  one  pair,  brown,  very  large  with  prominent  lenses, 
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their  diameter  nearly  one-third  width  of  prostomium,  situated  just 
posterior  to  middle  of  length  dose  to  posterior  borders  of  prosto- 
mium and  looking  dorso-laterad.  Frontal  tentacles  arising  by  re- 
stricted  bases,  widely  separated  on  antero-lateral  borders  of  prosto- 
mium, long,  slender  and  subulate,  tapered  regularly  from  above  base 
to  slender  tip;  the  dorsal  one  and  one-half  times  or  more  the  length  of 
prostomimn,  the  ventral  about  as  long  as  prostomium.  Study  of 
additional  material  may  modify  the  last  statement,  as  some  of  the 
tentacles  of  both  specimens  bave  evidently  suffered  injury  and  one 
(type)  has  two,  the  cotype  one,  in  regeneration  as  small  knob-like  buds. 
The  cells  of  the  prostomium  form  a  small  rosette-like  radiation  anterior 
to  the  eyes,  but  there  is  no  indication  of  a  median  tentacle. 

Peristomium  completely  crowded  beneath  prostomium,  projecting 
as  lateral  lobes  merely,  from  the  upper  part  of  which  arise  the  two  pairs 
of  tentacular  cirri.  No  nuchal  papilla.  Posterior  lip  prominent. 
Somites  II  and  III  very  short  but  distinct,  except  that  ventrally  the 
former  coalesces  with  the  prostomium  to  form  the  lower  lip.  Tentacu- 
lar cirri  (fig.  15)  ali  unusually  long  and  slender,  regularly  tapered,  with 
well-developed  cirrophores.  The  peristomial  arises  at  about  the  level 
of jthe  f oliaceous  notocirri  and  reaches  to  about  XII  ;  the  dorsal  of  II 
is  at  a  higher  level  and  reaches  XVII;  ventral  of  II  at  a  very  low  level 
and  equals  peristomial;  that  of  III  at  nearly  the  level  of  succeeding 
notocirri  and  reaches  XIV.  Three  or  four  small  setae  arise  from  a  smali 
tubercle  between  the  cirri  of  II  and  a  fully  developed  neuropodium 
occurs  on  III.  Anterior  segments  ali  very  short  and  distinctly 
biannulate;  farther  back  they  become  nearly  half  as  long  as  wide. 
Pygidium  a  rather  long  ring,  but  cirri  wanting. 

Parapodia  (PI.  XV,  fig.  16)  unusually  small,  projecting  ver}'  little 
from  side  of  body,  the  neuropodium  flattened,  with  postsetal  lip  obso- 
lete and  presetal  lip  large  and  broadly  rounded  distally  with  a  ver>' 
slight  notch,  from  which  the  point  of  the  aciculum  projects  (fig.  17). 
Neurocirrus  very  strongly  foliaceous,  broadly  subovate,  several  times 
larger  than  neuropodium  on  ali  somites,  completely  conceaUng  them 
from  behind  and  bending  dorsad  imtil  on  most  somites  it  meets  the 
notocirrus  ;  arrangement  of  veins  radiai.  Notocirrophores  prominent, 
somewhat  flattened  domes,  two  or  three  times  as  large  at  the  neuro- 
podia  on  middle  segments.  Strongly  foliaceous,  thin,  imbricated  but 
covering  only  a  small  part  of  the  sides  of  the  body,  of  moderate  size 
but  very  large  in  comparison  with  the  neuropodia,  broadly  cordate 
with  apex  bluntly  rounded  (usually  broader  at  the  end  than  the  one 
figured)  and  base  deeply  excavated,  with  deep  yellow-brown  veins 
forming  a  dense  bipinnate  figure;  rather  easily  detached. 
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Aciculum  single,  nearly  colorless,  straight,  tapered  to  a  point  like 
a  sharpened  pencil  which  projects  slightly  beyond  the  acicular  notch 
(fig.  17).  Setae  rather  numerous,  in  broad,  fan-shaped  fascicles  only 
obscurely  divided  into  supra-  and  subacicular  groups;  8  -i-  11  on 
somite  X,  9  +  12  on  XXV  and  L,  7  +  9  on  C  of  type.  They  are 
colorless  with  moderately  long  stems  scarcely  reaching  beyond  the 
border  of  the  neurocirri  of  middle  segmenta,  slender  and  gently  curved, 
rather  conspicuously  inflated  at  the  ends  (PI.  XV,  fig.  18)  to  form  a 
socket  bounded  by  lateral  ranks  of  slender  teeth  connected  anteriorly 
by  a  row  of  much  smaller  teeth.  Appendages  rather  long,  equalling 
or  generally  exceeding  depth  of  neuropodia,  very  delicate  with  striations 
and  marginai  denticulations  not  visible  under  the  magnification  shown. 

Color  generally  rusty,  the  body  pale  with  little  color,  the  cephalic 
appendages  and  neurocirri  deeper  and  the  notocim  very  brilliant 
yellowish  brown  which  contrasta  strongly  with  the  paler  body  and 
gives  the  worm  its  conspicuous  coloring.    Proboscis  unknown. 

Station  4,550,  Monterey  Bay,  June  7,  50  fathoms,  green  mud,  rock. 

In  form  of  the  prostomium  and  other  f eatures  this  species  approaches 
P,  citrina  Malmgren. 

PhyUodooe  (Carobia)  oaatanea  Marenzeller. 

A  small  example  26  mm.  long  with  106  segments.  Like  the  specimen 
previously  reported  from  Monterey  Bay  this  one  has  notocirri  some- 
what  more  elongated  than  those  of  Marenzeller's  Japanese  types. 
The  color  is  paler  and  more  yellowish  than  in  the  specimen  above 
mentioned,  though,  like  it,  this  is  a  female  with  eggs.  There  is  no 
trace  of  a  nuchal  papilla  and  the  flattening  of  the  tentacular  cirri  is 
very  obvious. 

PhyUodoce  polyphylla  Ehlers,  from  South  Georgia,  is  probably  closely 
related  to  this  species,  though  Ehler's  figure  exhibits  no  setigerous 
lobe  on  II,  which  is  very  obvious  in  this  specimen.  The  minute  dorsal 
tentacles  shown  by  the  type  of  P.  polyphyUa  are  probably  merely  the 
result  of  these  being  in  process  of  regeneration  after  having  been  lost, 
as  I  have  seen  precisely  similar  conditions  in  several  species. 

Station  4,496,  Monterey  Bay,  May  19, 10  fathoms,  fine  gray  sand  and 
rock. 
AnaitìB  poljnoidei  sp.  nov.    PI.  XVI,  figs.  19-21. 

Owing  to  the  closely  imbricated  manner  in  which  the  large  notocirri 
overlap  the  slender  body  this  species  bears  a  superficial  resemblance  to 
an  elongated  Polynoè  or  even  more  to  a  Sthenelais,  The  single  speci- 
men is  complete,  but  the  posterior  one-fourth  of  the  body  has  evidently 
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been  recently  regenerated — being  abruptly  unpigmented  and  of  smaller 
size. 

Form  slender,  depressed,  the  segments  scarcely  exceeding  one-third 
of  total  width  between  margins  of  notocirri  or  tipe  of  parapodia. 
From  the  maximum  width  at  the  end  of  the  anterior  f  ourth  the  extreme 
outline  tapers  slightly  forward  and  regularly  and  contìnuously  caudad. 
Length  44  mm.;  maximum  width  of  segments  1.6  mm.;  total  width 
3.8  mm.    Segments  88. 

Prostomium  very  short,  broad  and  depressed,  decidedly  bent  down- 
ward.  In  the  figure  (PI.  XVI,  fig.  19)  the  prostomium  is  represented 
as  pressed  upward  somewhat,  but  in  the  position  in  which  it  naturally 
rests  the  anterior  outline  is  regularly  semicircular  and  the  length 
(exclusive  of  the  posterior  prolongation)  about  one-half  the  width. 
From  the  slightly  convex  posterior  margin  a  median  prolongation  fits 
into  a  deep  depression  in  the  peristomimn  and  bears  a  knob-lìke  nuchal 
cirrus  having  a  diameter  about  equal  to  the  eyes.  Eyes  one  pair,  con- 
spicuous,  circular,  brown,  about  one-ninth  or  one-eighth  the  width  of 
the  prostomium  and  widely  separated  by  an  interval  of  about  five 
times  their  diameter,  dose  to  the  posterior  margin  of  the  prostomium. 
Frontal  tentacles  very  short,  subconical  with  small  terminal  append- 
ages,  very  widely  separated  and  somewhat  reflexed  on  sides  of  prosto- 
mimn;  the  dorsal  about  as  long  as  one-third  width  of  prostomium  and 
separated  by  about  twice  their  length;  the  ventral  somewhat  longer, 
nearer  together  and  reflexed  so  that  they  are  concealed  in  dorsal  views. 

Peristomium  somewhat  tumid  laterally,  but  excavated  dorso-medially 
for  the  nuchal  projeetion  and  papilla,  almost  indistinguishably 
coalesced  with  II  which  is  similarly  tumid  laterally  but  lacks  a  median 
depression. 

Tentacular  cirri  four  pairs,  rather  short,  thick,  blunt,  and  stiff. 
The  first  (or  peristomial)  pair  scarcely  longer  than  width  of  prostomium 
and  not  reaching  beyond  IV;  dorsal  of  II  with  a  much  larger  cerato- 
phore  and  reaching  VII;  ventral  of  II  equal  to  peristomial  and  that 
of  III  (notocirrus)  similar  to  dorsal  of  II  and  reaching  Vili. 

Podous  segments  well  defined,  very  regular,  the  anterior  very  short, 
but  soon  becoming  one-third  as  long  as  wide,  slightly  convex  above, 
fiat  below,  with  a  shallow  neural  groove.  Posteriorly  the  segments 
taper  to  a  very  minute  pygidium  hearing  a  pair  of  relatively  stout, 
cylindroìd  anal  cirri,  the  combined  width  of  which  equals  that  of  the 
pygidium  and  the  length  the  last  five  or  six  segments. 

Parapodia  (PI.  XVI,  fig.  20)  begin  on  III,  strictly  lateral,  prominent, 
their  length  exceeding  one-half  width  of  body,  toward  the  ends  becom- 
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ing  smaller  but  otherwise  unmodified.  Strictly  uniramal,  the  neuro- 
podia  compressed,  with  obsolete  postsetal  lip  and  prominent,  foliaceous 
presetal  lip  divided  by  an  acicular  notch  into  a  larger,  broadly-rounded, 
supra-acicular  lobe  and  a  somewhat  shorter  subacicular  lobe  obliquely 
tapered  to  a  blunt  point. 

NotociiTophores  large,  those  of  ali  except  most  anterior  segments 
flattened  and  auriculate  (fig.  20),  Notocirrostyles  beginning  with  IV, 
thin  and  membranous;  typically  broadly  lunate-reniform,  the  exter- 
nal  border  squarìsh,  very  regularly,  closely  and  broadly  imbricated, 
covering  and  concealing  the  parapodia  and  posteriorly  the  entire 
doraum,  but  leaving  the  middle  of  the  segments  exposed  anteriorly. 
Toward  the  anterior  end  the  styles  approach  a  circular  forni  and  become 
gradually  smaller  until  pràctically  the  entire  dorsum  is  left  uncovered. 
The  notocirrus  of  III  is  the  last  tentacular  cimis,  while  the  neurocirms 
of  the  same  segment  differs  in  no  respect  from  those  following.  Neuro- 
cirrophores  prominent  swellings  at  base  of  ventral  side  of  neuropodia. 
Neurostyles  (fig.  20)  oblong  elliptical,  with  the  broad  distai  end  sub- 
truncate,  foliaceous,  about  equalling  the  neuropodia  in  size  and  reach- 
ing  to  or,  on  anterior  parapodia,  beyond  their  ends. 

Aciculum  single,  stout,  pale  yellow,  gently  curved,  with  simple 
bluntly  pointed  tip.  Setse  (PI.  XVI,  fig.  21)  colorless,  numerous  (about 
30,  equally  divided  between  supra-  and  subacicular  groups  on  middle 
segments),  in  a  broad,  fan-shaped  fascicle.  Shafts  slender,  slightly 
curved,  slightly  enlarged  at  the  end;  the  very  asynunetrical  socket 
prolonged  on  one  side  into  a  great  spine  with  a  few  small  teeth  on  its 
base;  the  other  side  hearing  a  shoulder  for  articulation  of  the  append- 
age  which  is  supported  by  a  thin,  scale-like  process  slightly  fimbriated 
at  the  end.  Appendages  long,  about  equal  to  the  depth  of  the  neuro- 
podia, slender  and  delicate  with  the  margin  very  finely  but  distinctly 
denticulated.  The  form  of  the  articulation  resembles  the  Eteone 
type. 

Color  generally,  including  prostomium  and  four  anterior  segments, 
under  parts,  parapodia,  lateral  parts  of  notocirri  and  posterior  fourth 
of  body,  pale  yellowish  or  yellowish  ashy;  exposed  part  of  dorsum 
rich  purplish-red  with  a  fine  blue-green  iridescence.  Inner  thirds  of 
notocirri  rich  brown,  together  f orming  a  pair  of  broad  stripes  extending 
continuously  for  the  anterior  three-fourths  and  becoming  darker  anter^ 
iorly.  Tentacular  cirri  except  colorless  tips,  largely  of  a  somewhat 
darker  brown.     Eyes  dark  brown. 

Proboscis  imknown.  The  type  is  a  female  containing  half-grown  ova 
which  largely  fili  the  coelom  and  enter  the  cavities  of  the  parapodia  and 
notocirrophores . 
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Station  4,548,  Monterey  Bay,  June  7,  46  fathoms,  coarse  sand,  shells 
and  rock. 
Eumida  taUformii  sp.  nov.    Pi.  XVI,  flgs.  22, 23. 

Ali  of  the  specimens  are  contracted  and  in  this  state  are  depressed 
and  stout,  with  the  segments  much  crowded,  particnlarly  at  the 
anterior  end.  The  type,  a  female  with  137  segments,  is  67  mm.  long, 
with  a  maximum  body  width  of  3.1  mm.  and  a  width  between  tips  of 
parapodia  of  4.5  mm.  A  male  with  104  segments  is  37  mm.  long,  and 
a  small  portion  of  the  anterior  end  of  a  very  large  example  measures 
7  nmi.  between  the  tips  of  the  setse. 

'  Prostomium  in  the  several  specimens  vaiying  in  degree  of  contraction 
and  proportions,  in  the  type  and  most  of  the  others  being  neariy  twice 
as  Wide  as  long,  subelliptical,  slightly  concave  posteriorly  and  with  a 
tentaculiferous  prominence  in  front,  the  prominent  lateral  ocular  lobes 
resting  upon  the  peristomium.  One  specimen  has  the  prostomium 
subtriangular  and  only  about  one-fourth  wider  than  long.  In  life  it 
would  probably  be  broadly  cordate.  Eyes  one  pair,  very  large,  about 
one-fourth,  or  somewhat  less,  the  width  of  the  prostomium,  with  large 
lenses  looking  upward.  Immediately  behind  and  below  them  are  the 
small  nuchal  sense  organs. 

Frontal  tentacles  arising  dose  together  on  front  of  prostomium 
separated  by  a  distance  of  about  one-fourth  width  of  prostomium, 
ali  subulate  with  basai  half  thickened  and  beyond  that  abruptly  tapered 
to  very  slender  tips,  subequal  or  the  ventral  pair  somewhat  longer, 
slightly  exceeding  one-half  width  of  prostomium.  Medìan  tentacle 
arising  from  a  slight  depression  between  lenses  of  eyes,  not  abruptly 
thickened  at  base,  more  slender  and  slightly  longer  than  frontal 
tentacles. 

Peristomium  much  shortened,  crowded  beneath  prostomium,  not 
visible  as  a  distinct  segment  from  above;  somites  II  and  III  also  much 
shortened  and  crowded.  Tentacular  cirri  with  weU-developed  cirro- 
phores  and  large  stout  subulate  styles  shaped  like  the  median  tentacle 
but  very  much  larger.  Dorsal  and  ventral  of  II  widely  separated,  the 
ventral  being  at  neariy  the  level  of  the  notocirri  of  succeeding  somites. 
The  single  pairs  of  I  and  III  lie  opposite  the  interval  between  those 
of  II,  the  peristomial  being  at  the  higher  level.  That  of  I  reaches  VI, 
ventral  of  II  reaches  Vili  and  dorsals  of  II  and  III  reach  IX. 

Body  of  very  unif  onn  diameter,  being  perhaps  widest  at  about  XL, 
thence  tapered  very  gradually  and  regularly  caudad.  Owing  to  the 
manner  in  which  the  notocirri  are  imbricated  an  aspect  of  rather  strong 
depression  results,  but  the  body  is  really  very  little  depressed.     Seg- 
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ments  arched  above,  flattened  below  with  a  slight  neural  ridge,  dis- 
tinctly  biannulate  dorsally  with  small  intersegmental  rings.  Pygidium 
a  very  small,  slightly  thickened  and  rugous  ring. 

Normal  setigerous  parapodia  (PI.  XVI,  fig.  22)  begin  on  III, 
but  a  small  tubercle  bearing  a  few  setse  lies  between  the  cirri  of  II. 
They  arise  at  the  ventral  level  of  the  segments  and  are  prominent, 
being  from  more  than  one-third  to  one-half  the  width  of  their  segments. 
Neuropodium  somewhat  compressed,  supported  by  a  single  aeieulum, 
the  postsetal  lobe  neariy  obsolete,  presetaJ  well  devdoped,  divided  by 
an  acicular  notch  into  a  suprar  and  a  subacicnlarlobe,  both  rounded  on 
anterior  but  blimtly  pointed  on  posterior  parapodia. 

Neurocirri  broadly  foliaceous,  ovate  with  bluntly  pointed  tip  and 
oblique  base  attached  to  a  low  cirrophore,  reaching  to  or  beyond  end 
of  neuropodium  which  they  exceed  in  width  and  overiap  and  conceal 
from  behind.  They  are  relatively  much  larger  on  anterior  somites 
where  they  equal  one-half  the  notocirri,  diminishing  to  one-fourth  the 
notocirri  posterioriy.  Notocirrophores  low  and  broad.  Notocirro- 
styles  (PI.  XVI,  fig.  22)  of  moderate  size,  broadly  foliaceous  and  im- 
bricated  over  bases  of  parapodia,  leaving  most  of  the  dorsum  of  body 
exposed.  They  are  broadly  cordate  with  blunt  apex  and  neariy 
S3mimetrical  base,  the  anterior  ones  broader,  often  wider  than  long  and 
blunter,  the  posterior  tending  to  more  acute,  cuneate,  longer,  less 
cordate  forms,  with  the  length  as  much  as  one  and  one-third  times  the 
width. 

Aeieulum  single,  yellow,  stout,  tapered,  straight  or  slightly  curved 
and  ending  in  a  simple  blunt  point  at  the  acicular  notch.  Setse  in  a 
single  verticaJ  series  spreading  fanwise  and  only  very  slightly  separated 
at  the  acicular  notch  into  supra-  and  subacicular  groups.  On  the 
type  they  are  distributed  as  follows:  somite  X,  13  supra-  and  21  sub- 
acicular; XXV,  14  and  25;  L,  11  and  24;  LXXV,  11  and  17;  and  C, 
8  and  14. 

They  are  neariy  colorless,  with  slender  slightly  curved  stemsscarcely 
enlarged  at  the  ends  (PI.  XVI,  fig.  23)  to  form  an  imperfect  asynmietri- 
cal  socket,  the  best  developed  side  of  which  is  broadly  rounded  and 
provided  with  a  uniform  series  of  slender  teeth.  Appendages  of 
moderate  length,  very  unif  ormly  about  one-half  depth  of  neuropodium, 
rather  broad  at  base  but  tapering  to  a  slender  tip  with  scarcely  dis- 
cernible  marginai  denticulation. 

Color  uniform  dark  brown,  yellowish  brown  or  pale  yellow  with  a 
few  irregularly  scattered  dusky  or  black  blotches,  one  of  which  may 
be  on  the  prostomium. 
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Proboscis  of  type  8.5  mm.  long,  2.4  mm.  in  diameter  at  orifice;  of 
largest  specimen  16  mm.  long,  3  mm.  in  diameter  at  base  and  4  mm. 
at  orifice.  It  is  somewhat  trumpet-shaped,  gradually  widening  to  the 
somewhat  flaring  distai  end  which  is  surrounded  by  a  circle  of  18  to  20 
low,  roimded,  soft  papiUse  more  or  less  incised  at  the  base  and  in  some 
cases  cleft  in  two.  When  protruded  the  proboscis  has  a  slight  spirai 
twist  and  is  markcd  by  three  narrow,  raised  longitudinal  lines  on  each 
side,  the  dorsal  and  ventral  intervals  between  those  of  the  two  sides 
being  one-third  more  than  the  lateral  intervals  between  those  of  the 
same  side.  The  general  surface  is  marked  with  fine  irregnlar  wrinkles 
and  usually,  but  not  always,  w^th  minute  grannlations  which  are 
slightly  more  conspicuous  along  the  raised  lines. 

Stations  4,430,  oflf  Santa  Cruz  Island,  Aprii  14,  197  fathoms,  black 
sand  and  pebbles,  six  specimens,  two  of  which  (including  the  type,  a 
female  fiUed  with  large  ova)  are  mature;  4,423,  off  San  Nicolas  Island, 
Aprii  13,  339  fathoms,  gray  sand,  black  pebbles,  shells,  one  young 
specimen,  in  which  the  longest  (second  dorsal)  tentacular  cirri  each 
bears  a  synmietrical  swelling  on  its  anterìor  face  near  the  middle. 
Snlalia  nigrimaonlata  sp.  dot.   Pi.  XVI,  figs.  24-28. 

Two  complete  specimens  considerably  contracted  have  the  follow- 
ing  measurements :  Type  33  nmi.  long;  maximum  width  near  middle 
body  only  1.5  nmi.,  extreme  width  between  tips  of  parapodia  3  nmi.; 
number  of  segments  89  ;  female  with  eggs .  Ckrtype  36  mm.  long  with  90 
segments. 

Prostomium  subglobose,  slightly  depressed,  nearly  circular  in  out- 
line  as  seen  from  above;  profile  strongly  convex,  sloping  downward 
anteriorly;  sharply  differentiated  from  peristomium.  Eyes  one  pair, 
brown,  with  well-developed  lenses,  large,  nearly  one-fourth  width  of 
prostomium,  midway  of  the  length  and  dose  to  the  lateral  margins 
of  which  they  are  situated.  On  the  type  the  right  eye  is  enormously 
and  abnormally  enlarged  and  occupies  the  most  of  that  side,  to  the  dis- 
placement  of  the  dorsal  right  tentacle.  Frontal  tentacles  widely  sepa- 
rated,  the  dorsal  just  outside  of  line  of  lateral  border  of  eyes,  the  veritral 
slightly  nearer  together  ;  length  of  dorsal  equal  to  prostomial  width,  with 
swoUen  f usif orm  basai  half  and  abruptly  contracted  filamentous  distai 
half  ;  ventral  similar  but  with  much  shorter  terminal  filament.  Median 
tentacle  (present  in  type  only)  arising  between  eyes,  slightly  longer  than 
frontal  tentacles,  with  less  swoUen  base  and  regularly  tapered. 

Peristomium  and  II  coalesced,  forming  a  short  distinct  ring  above, 
crowded  forward  beneath  the  prostomium,  at  the  sides  of  which  the 
peristomium  appears.    Mouth  large,  bounded  by  a  nearly  smooth 
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posterior  lip.  Tentacular  cirri  much  crowded,  the  peristomial  and 
that  of  III  (notocirrus)  arisìng  almost  between  the  dorsal  and  ventral 
cirri  of  II,  the  former  at  the  higher  level.  Ali  have  short  but  distinct 
ceratophores  and  prominent,  regularly  acuminate  styles  with  slender 
tipe.  They  are  slightly  flattened  in  the  type,  much  more  strongly 
flattened,  apparently  as  a  result  of  accidental  pressure,  in  the  cotype. 
The  longest  (dorsal  of  II)  reaches  to  XII,  those  of  I  and  III  reach  to 
IX  and  the  ventral  of  II  to  VI.  A  conspicuous  tuft  of  neuropodial 
setse  occurs  between  the  two  cirri  of  II. 

Setigerous  segments  sharply  defìned  by  deep  furro^vs;  very  short 
anteriorly  but  increasing  until  in  the  middle  region  they  are  at  least 
one-third  as  long  as  wide.  Slightly  depressed  and  little  more  convex 
above  than  below.  Behind  the  middle  they  gradually  diminish  in 
size  to  the  pygidium,  which  is  a  very  short  and  small  ring,  the  cirri  of 
which  have  been  lost. 

Parapodia  rather  short,  scarcely  exceeding  one-third  width  of  their 
segments  but  with  conspicuous  spreading  tufts  of  setae  whidi  begin  on 
II.  Neuropodia  (PI.  XVI,  fig.  24)  strongly  compressed,  subovate; 
postsetal  lip  rudimentary;  presetal  lip  well  developed,  foliaceous, 
symmetrical,  terminating  in  a  blunt  point  but  altogether  lacking  a 
notch,  though  there  is  a  slight  posterior  groove  in  which  the  end  of 
the  aciculum  rests  (fig.  25).  Neurocirri  (fig.  24)  rather  thick,  very 
large,  especially  anteriorly  where  they  have  an  area  of  about  four  times 
theneuropodium,  but  diminishingto  twice  the  neuropodium  posteriorly. 
They  are  narrowly  palette-shaped,  the  excavated  portion  attached  to 
low  cirrophores  on  the  ventral  base  of  the  neuropodia,  the  broad  end 
outward  and  bent  dorsad  behind  and  extending  far  beyond  the  neuro- 
podia, which  they  completely  conceal  from  behind  and  serve  the  pur- 
pose  of  postsetal  lobes.  They  are  crowded  with  deep-brown  or  on  the 
margins  often  nearly  black  glands.  Notocirrophores  (fig.  24)  large 
and  prominent,  erect,  more  or  less  dome-like  with  a  restricted  area  for 
attachment  of  the  styles.  Styles  thin  and  membranous,  easily 
detached,  somewhat  imbricated  and  concealing  the  parapodia;  anter- 
iorly ovate  with  rounded  ends,  on  middle  segments  broadly  ovate- 
cuneate  with  pointed  ends  and  posteriorly  becoming  elongated;  the 
base  oblique  and  asymmetrical  with  a  shallow  sinus  for  attachment. 
Internai  stnicture  finely  reticular  with  slightly  developed  veins  and 
glands. 

Aciculum  single,  colorless,  tapered,  ending  in  a  rather  acute  point. 
Setae  forming  a  very  broad  imdivided,  fan-shaped  fascicle,  very  numer- 
ous  for  the  genus   (30  on  X,  48  on  XXV,  40  on  L  and  36  on  LXXV), 
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projecting  about  one-fourth  of  their  length  beyond  the  neurocirri. 
Sterns  colorless,  of  moderate  length,  nearly  straight,  little  enlarged  at 
the  distai  end  (PI.  XVI,  fig,  26)  where  they  terminate  in  a  small  shoulder 
and  a  socket  bounded  on  each  side  by  a  fringe  of  long  delicate  teeth, 
Appendages  very  delicate,  about  as  long  as  depth  of  neuropodium 
with  barely  discernible  marginai  teeth. 

Proboscis  (only  partially  protruded)  cylindrical,  5.5  mm.  long  and 
.6  mm.  in  diameter,  surface  thickly  covered  with  small,  blunt,  flattened, 
slightly  retrorse  papillsB,  separated  by  considerably  more  than  their 
length. 

Color  gray-blue  or  bluish-plumbeous  with  a  metallic  blue  iridescence 
and  brownish  suffusions  and  marked  with  a  few  conspicuous  gradrate 
black  spots,  especially  on  the  ventral  surface,  either  widely  scattered 
singly  or  aggregated  in  groups.  Notocirri  uniform  orange  yellow. 
Neurocirri  yellowish  with  dark  brown  or  blackish  margin. 

Station  4,454,  Monterey  Bay,  May  12,  71  fathoms,  green  mud  and 
sand. 

Ealalia  leviooninta  sp.  nov.   PI.  XVI.  flgs.  27-30. 

Only  one  small  specimen  measuring  43  mm.  long  is  complete,  with 
221  segments.  The  type  is  much  larger,  being  70  mm.  long  for  172 
segments  and  lacking  perhaps  the  caudal  one-third  and  100  segments; 
its  maximum  width  of  body  at  O-CXX  is  1.2  mm.,  between  tips  of 
parapodia  1.8  mm.  Another  very  much  macerated  and  incomplete 
specimen  referred  here  somewhat  doubtfully  has  240  segments  and  is 
94  mm.  long,  and  less  than  1  mm.  wide,  having  therefore  nearly  the 
proportions  of  a  slender  lumbriconereid. 

Form  very  slender  and  elongated,  nearly  linear,  but  tapering  gently 
both  wa}^  from  about  the  end  of  the  anterior  third. 

Prostomiiun  (PI.  XVI,  fig.  27)  about  as  wide  as  long,  moderately 
depressed,  semiovate  with  truncate  ends  or  subtriangular  with  rounded 
basai  angles  and  truncated  apex,  usually  sharply  differentiated  from 
the  peristomium,  but  in  one  specimen  almost  continuous  with  it  dor- 
sally.  Eyes  one  pair,  small,  about  one-seventh  of  posterior  width  of 
prostomium,  dose  to  its  postero-lateral  angles,  separated  by  three  to 
three  and  one-half  times  their  diameter,  dark  brown,  with  small  lenses. 
Frontal  tentacles  situated  on  the  sides  of  a  distinctly  separated  anterior 
segment  of  the  prostomium,  subconical,  their  length  about  one-half 
prostomium.  Median  tentacle  a  minute,  slender,  conical  papilla 
situated  on  line  between  anterior  border  of  eyes  and  having  a  length 
of  from  one  to  one  and  one-half  times  their  diameter. 

Peristomium  a  complete  ring  entirely  posterior  to  the  prostomium 
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and  iisually  free  from  it  ali  round,  scarcely  wider  than  prostomium, 
dorsally  elevated  into  a  convex  platform-like  area  which  in  one  case 
overlaps  the  prostomium  and  partly  covers  the  eyes.  Mouth  amali 
with  nearly  smooth  posterior  lip.  Somites  II  and  III  similarly  well 
differentiated  with  similarly  elevated  dorsum.  Tentacular  cirri  arising 
from  large  cirrophores,  the  styles  rather  stout,  tapered  and  short;  the 
peristoraial  pair  about  as  long  as  prostomium  and  reaching  to  III; 
ventral  of  II  equal  to  peristomial  and  above  its  base  a  tubercle  bearing 
a  small  tuft  of  setse;  dorsal  of  II  about  twice  as  long  and  reaching 
VI  or  VII.  Somite  III  bears  a  fully  developed  setigerous  parapodium 
and  its  tentacular  notocirrus  is  equal  to  that  of  II. 

Anterior  somites  are  imiannulate  and  very  distinct,  becoming  less 
well  differentiated  farther  back  as  small  interpodal  annuii  appear. 
The  raised  dorsal  field  gradually  merges  with  the  general  convexity  of 
the  back.  The  venter  is  fiat.  They  very  gradually  increase  in  size 
to  or  beyond  C,  and  taper  thence  caudad. 

Pygidium  a  dome-shaped  ring  about  twdce  as  long  as  the  last 
setigerous  segment,  bearing  a  pair  of  somewhat  fiattened,  subcylin- 
drical  cirri  resembling  the  posterior  notocirri  but  rather  larger  than 
they,  together  with  a  minute  median  cirrus  (described  from  one  speci- 
men, station  4,431). 

Parapodia  (PI.  XVI,  figs.  28, 29)  small,  little  prominent  and  scarcely 
exceeding  one-fourth  the  width  of  their  segments,  but  becoming 
relatively  longer  and  more  prominent  posteriorly.  Setigerous  neuro- 
podia  begin  on  II;  they  are  slender,  only  slightly  compressed,  and 
little  tapered  to  a  bluntly  rounded  presetal  Up  divided  by  a  sUght  acicu- 
lar  notch  into  two  equally  rounded  lobes,  of  which  the  subacicular  is 
usually  somewhat  longer;  postsetal  lip  scarcely  developed. 

Neurocirrophores  broad  and  low,  the  styles  (PI.  XVII,  figs.  28,  29) 
subelliptical,  little  excavated  for  attachment,  thick,  more  or  less 
foliaceous,  broadest  and  relatively  largest  on  anterior  parapodia,  where 
they  considerably  exceed  the  neuropodia  and  extend  somewhat  beyond 
them.  Posteriorly  they  are  relatively  smaller  and  narrower,  but  often 
so  much  longer  that  fully  one-fourth  of  their  length  projects  beyond 
the  neuropodia,  but  they  always  tend  to  diverge  from  the  latter  and 
not  to  bend  dorsad  behind  them.  Notocirrophores  (PI.  XVI,  figs. 
28,  29)  of  anterior  somites  rather  small,  of  middle  somites  low  but 
nearly  as  wide  as  the  length  of  the  neuropodia.  Styles  generally 
foliaceous  but  comparatively  small,  carried  nearly  erect,  little  imbri- 
cated  and  covering  but  a  small  part  of  the  sides  of  the  parapodia. 
On  anterior  somites  (fig.  28)  they  are  regularly  ovate  with  broadly 


Digitized  by 


Google 


348  PROCBEDINGS  OP  THE  ACADEMT  OP  [June, 

roimded  distai  end  and  scarcely  excavated  base;  on  middle  segmenta 
larger,  more  broadly  ovate,  with  bluntly  pointed  tips  and  nearly 
straight  symmetrical  bases;  while  posteriorly  they  become  again 
smaller  and  tend  toward  a  cuneate  form.  They  ali  exhibit  strongly 
marked  internai  striations  arranged  in  a  partly  bipinnate,  partly 
radiate  pattern.  On  some  speeimens  the  styles  are  contracted  and 
miich  thicker,  the  anterior  ones  being  nearly  cylindrical,  and  ali  are 
opaque  and  of  a  more  or  less  deep  brown  color.  Greatly  extended  speei- 
mens have  the  notocirri  ali  erect  and  widely  separated. 

Acicnlum  single,  rather  slender,  of  the  form  usuai  in  the  genus,  ^nth 
the  bluntly  pointed  tip  projecting  slightly  from  the  notch.  Set» 
(PI.  XVI,  fig.  30)  arranged  in  the  usuai  fan-shaped  vertical  fascicles 
of  one  series,  of  a  rather  small  niunber,  as  follows  in  the  type:  on  X 
7 supra- and  5 subacicular,  on XXV 5  +  11,  onL9  +  11,  on LXXV  11 
+  12,  on  C  7  +  14  and  on  CLXX  14  in  ali.  They  have  remarkably 
long,  slender  shafts  with  slightly  enlarged  symmetrically  eleft  ends 
forming  the  socket,  each  side  of  which  is  prolonged  obliquely  into  a 
prominent  elongated  tooth  flanked  on  each  side  by  a  fringe  of  delicate 
spinules.  Appendages  (fig.  30)  rather  short,  usually  one-third  to  one- 
half  depth  of  neuropodium,  but  on  one  specimen  (station  4,431)  rather 
longer,  broad  at  base  and  tapered  and  gently  curved  to  a  delicate 
tip,  the  marginai  denticulations  and  oblique  striations  fine  but  distinct. 

Proboscis  of  a  cotype  protruded  2.5  mm.,  .4  mm.  in  diameter  at  distai 
end,  terete,  gradually  increasing  in  diameter  distally,  the  entire  surface 
covered  so  thickly  that  they  touch  each  other  with  crowded,  granulated, 
slightly  flattened,  rounded  papillse,  at  least  three  irregular  circles  of 
which  at  the  distai  end  are  of  much  larger  size. 

Color  of  type  (f emale  filled  witheggs)fadedtoauniformpalegreenish 
drab  or  light  olive.  Another  specimen  is  nearly  uniform  brown  and 
stili  another  pale  yellow  with  a  thin  brown  line  of  granules  across  each 
segment  and  the  head,  tentacular  cirri  and  parapodial  cirri  deep 
brown  with  aggregations  of  similar  granules. 

One  specimen  from  each  of  the  following  stations:  4,418,  off  Santa 
Barbara  Island,  Aprii  12, 238fathoms,  gray  sand;  4,420,  oflf  San  Nicolas 
Island,  Aprii  12,  291  fathoms,  gray  mud,  rocks;  4,430  (type),  oflf  Santa 
Cruz  Island,  Aprii  14,  197  fathoms,  black  sand  and  pebbles;  4,433,  off 
Santa  Rosa  Island,  Aprii  15,  265  fathoms,  gray  mud. 

This  species  belongs  to  the  bilineatargracilis  group  and,  with  the 
exception  of  the  Hawaiian  species  E.  navaica  Kinberg,  appears  to  be  the 
first  of  that  group  to  be  described  from  the  Pacific.  As  is  the  case 
unth  E.  gracilis  Verrill,  speeimens  in  different  states  of  contraction  differ 
considerably  in  appearance. 
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SiiUlU(8ig«)UfolUta8p.nov.    PI.  XVI,  flgs.  81-34. 

Described  from  a  single  imperfect  anterior  end  consisting  of  the 
head  and  57  segments,  havìng  a  length  of  18  mm.  and  a  maximum 
diameter  between  tips  of  parapodia  of  nearly  2  mm.  Contracted  and 
rather  stout,  strongly  arched  above,  fiat  below  and  little  tapered  in 
the  length  of  the  piece. 

Prostomium  (PI.  XVI,  fig.  31)  about  three-fourths  as  long  as  wide, 
somewhat  depressed,  subpyramidal  with  a  straight,  inclined  profile, 
greatest  width  in  posterior  half,  posterior  border  nearly  straight, 
entire,  bounded  by  a  deep  fiirrow  separating  the  peristomium.  No 
anterior  furrow  behind  tentacles.  Eyes  eircular  with  prominent  lenses, 
brown,  large,  about  one-fourth  width  of  prostomium  and  situated  at 
its  greatest  width,  about  one-half  their  diameter  anterior  to  posterior 
border  and  dose  to  lateral  border.  Frontal  tentacles  situated  rather 
dose  together  at  the  truncated  apex  of  prostomium,  separated  by 
little  more  than  one  and  one-half  times  their  diameter,  somewhat 
macerated  and  imperfect,  but  their  length  approximately  one-half 
prostomium  or  slightly  less.  Median  tentacle  situated  between 
anterior  border  of  eyes  at  centre  of  prostomium,  much  smaller  than 
frontal  tentacle,  but  macerated  so  that  the  exact  size  is  not  certain. 
Immediately  behind  each  eye  is  a  faint  brown  spot. 

Peristomium  scarcely  visible  above,  forming  a  swollen  lower  lip 
and  small  lobes  beneath  eyes.  Remaining  segments  short,  uniannulate. 
Tentacular  cirri  with  distinct  cirrophores,  ali  styles  lost  except  the 
ventral  of  II  on  one  side,  which  is  rather  short  and  stout,  conical, 
about  one  and  one-half  times  length  of  prostomium  and  reaching  to 
V.    A  small  tuft  of  setae  on  II. 

Parapodia  (PI.  XVI,  figs.  32,  33)  small  and  little  prominent,  their 
length  about  one-fourth  width  of  somites  on  anterior  and  one-half 
on  posterior  (middle)  somites,  but  strongly  compressed  and  deep. 
Postsetal  lip  obsolete;  presetal  greatly  developed  and  foliaceous, 
divided  by  a  deep  acicular  notch  into  a  much  smaller  subacicular  lobe, 
rounded  at  the  end,  and  a  larger  supra-acicular  lobe  prolonged  into  an 
acuminate  but  blunt  tip  frequently  much  longer  and  more  slender  than 
those  figured.  Neurocirrophores  (figs.  32,  33)  rounded  swellings  at 
base  of  neuropodia;  styles  strongly  foliaceous,  thin,  quadrant-shaped, 
with  the  dorsal  angle  prolonged  similarly  to  the  supra-acicular  lobe, 
but  usually  extended  far  beyond  the  latter.  Though  of  large  size  they 
do  not  exceed  the  neuropodia  of  middle  segments,  the  subsetal  lobes 
of  which  they  completely  cover  from  behind,  reaching  slightly  dorsad 
of  the  acicular  notch,  their  nearly  straight  dorsal  border  being  parallel 
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to  the  axis  of  the  supra-acicular  lobe  and  serving  as  a  postsetal  support 
to  the  setae.  Notocirrophores  (fig.  33)  low  and  fiat,  moderate  in  size, 
immediately  above  notopodìum.  Three  or  four  only  of  the  notostyles 
remain.  They  are  strongly  foliaceous  but  rather  small,  scarcely  or 
not  longer  than  the  neurostyles  and  about  one  and  one-half  times  as 
Wide  as  they,  broad  ovate  or  suborbicular  with  nearly  straight,  truncate, 
scarcely  excavated  base,  opaque  brown  with  granules  chiefly  arranged 
in  radiai  lines. 

Aciculum  single,  pale  yellowish,  with  colorless  base,  straight,  regu- 
larly  tapered  to  a  simple  point,  which  enters  but  does  not  project 
beyond  the  acicular  notch.  Setae  (PI.  XVI,  fig.  34)  numerous  (18 
supra-  and  27  subacicular  on  XXV),  forming  a  broad,  spreading,  fan- 
shaped  fascicle,  the  shafts  colorless,  long,  with  about  one-third  of  their 
length  projecting  beyond  the  margin  of  the  neurocirrus,  slightly 
curved,  little  enlarged  at  the  end,  where  they  terminate  in  a  prominent 
shoulder  and  a  pair  of  high,  tapered  processes  finely  denticulated  at 
the  ends  which  bound  the  socket.  The  only  perfect  appendage  seen 
has  a  length  of  about  three-fifths  the  depth  of  the  neuropodium  and 
is  slender  and  finely  denticulated. 

Proboscis  (dissected)  tubular  with  smooth  non-papiUated  lining; 
orifice  surrounded  by  a  circle  of  apparently  eighteen  soft  papillae. 

This  species  has  the  smooth  proboscis,  prolonged  neuropodia  and 
neuropodìal  cirri  and  form  of  setae  characteristic  of  the  subgenus 
SigCy  features  which  appear  in  the  descriptions  of  no  known  Eulalia 
from  the  North  Pacific  or  the  west  coast  of  South  America. 

Type  from  station  4,522,  Monterey  Bay,  May  26,  149  fathoms, 
gray  sand  and  shells. 

EXPLANATION   OF  PlaTES   XV  AND   XVI. 

Plate  XV. — SyUis  heterochcpta — figs.  1-4. 
Fig.  1. — Anterior  end,  X  56. 
Fig.  2. — Parapodium  XXV  with  one  long  and  one  short  seta   in  place; 

a,  short  notocirrus  from  XXVI,  X  56. 
Fig.  3.— End  of  short  seta  from  XXV,  X  600. 

Fig.  4. — Same  of  long  seta,  X  250;  a  and  6,  articulation  and  tip  of  append- 
age of  same,  X  600. 
PionosyUis  typica — figs.  5-7. 

Fig.  5. — Parapodium  with  dorsalmost  and  ventralmost  setae  represented, 

X  24. 
Fig.  6.— Tipa  of  two  acicula,  X  400. 
Fig.  7.— End  of  a  seta  from  XXV,  X  600. 
Odoi^syllis  phosphorea — ^figs.  8-10. 

Fig.  8. — Parapodium  X  without  setae,  56. 

Fig.  9. — Parapodium  L  with  bases  of  notopodial  setae  only,  X  56. 

Fig.  10.— Distai  end  of  middle  seta  from  L,  X  600. 
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Sphcerodorum  papiUifer — figs.  11,  12. 

Fig.  11. — Parapodium  X  with  setae,  X  98. 
Fig.  12.— Seta  from  X,  X  440. 
Spharodorum  brevicapUis — ^figs.  13,  14. 

Fig.  13. — Parapodium  X  (the  parta  may  be  abnonnally  separatedj[owing  to 

distention  of  body  walls)  witnout  setae,  X  56       / 
Fig.  14. — Average  seta  from  somite  X,  X  440. 
Phyllodoce  ferruginea — figs.  15-18. 
Fig.  15. — Anterior  end,  X  56. 
Fig.  16. — Parapodium  XXV  with  dorsalmost  and  ventralmost  seta  shown,  ■ 

X56. 
Fig.  17. — End  of  neuropodium  showin^  tip  of  aciculum,  X  500. 
Fig.  18. — Profile  and  front  view  of  region  of  articulation  of  seta  from  XXV 
X  440. 

Plate  XVI. — AnaiHs  polynoidea — ^figs.  19-21. 

Fig.  19. — Anterior  end,  from  the  dorsum,  X  24 

Fig.  20. — Parapodium  of  XXV,  anterior  \iew,  dorsalmost  and  ventralmost 
setae  shown,  X  24. 

Fig.  21. — Profile  and  rear  vìews  of  articular  region  of  two  setae  from  somite 
X,    X  360. 
Eumidia  tuhiformis — figs.  22,  23. 

Fig.  22. — Anterior  aspect  of  parapodium  L,  showing  dorsalmost  and  \'entral- 
most  setae  in  place,  X  24. 

Fig.  23.— A  seta  from  somite  XXV,  X  360. 
Eulcdia  nigrimaculata — figs.  24-26. 

Fig.  24. — Anterior  aspect  of  parapodium  L,  with  dorsalmost  and  ventral- 
most setae  in  place,  X  24. 

Fig.  25. — Outline  of  neuropodium  showing  tip  of  aciculum,  X  56. 

Fig.  26. — ^Two  vie  WS  of  articular  region  of  seta  from  X,  X  440. 
Eumia  levicomuta — ^figs.  27-30. 

Fig.  27.— Anterior  end,   X  24. 

Fig.  28. — Anterior  aspect  of  parapodium  XXV,  X  56. 

Fig.  29. — Same  of  parapodium  LXXV,  with  dorsalmost  and  ventralmost 
setae  in  place,  X  24. 

Fig.  30. — A  seta  from  XXV;  a,  front  \iew  of  articulation  of  same,  X  440. 
Eulcdia  bifoliaUi—fìg^,  31-34. 

Fig.  31.— Head  from  dorsum,  X  24. 

Fig.  32. — Posterior  view  of  parapodium  XXXIII,   without  notostyle   or 
setae,  X  56. 

Fig.  33. — Anterior  \'iew  of  parapodium  XXXIX,  without  setae,  X  56. 

Fig.  34. — Profile  and  rear  views  of  articulation  of  seta  from  XXXIII,  X  440. 
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THE  POLYCHiETOUS  ANNELIDS  DREDGED  IN  1908  BY 
MR.  OWEN  BRYANT  OFF  THE  COASTS  OF  LABRADOR, 
NEWFOUNDLAND,  AND  NOVA  SCOTIA. 


By  J.  Percy  Moore, 
O/  the  Zooloffical  Department  of  the  University  of  Pennsylvania,  Philadelphia, 


Our  knowledge  of  the  Polychseta  of  Labrador  is  very  meager, 
being  based  almost  entirely  upon  two  imperfect  lists  published  by 
Prof.  A.  S.  Packard  in  1863  and  1867,  respectively.  The  second  and 
more  complete  list  embraces  28  species  of  Polychaeta,  the  determina- 
tion  of  several  of  which  is  doubtful,  though  some  of  the  identifica- 
tìons  have  been  verìfied  by  Professor  Verrill.  It  was,  of  course,  not 
to  be  expected  that  the  Labrador  coast  would  f  umish  màny  novelties 
in  this  group,  but  that  the  fauna  would  be  similar  to  that  of  the 
better-known  waters  ad j  acent. 

Beginning  with  Fabricius,  in  1780,  the  Polychaeta  fauna  of  Green- 
land  has  had  many  able  students  down  to  our  own  time,  and  this 
group  of  animals  is  better  known  in  few  regions  than  in  this.  The' 
ranges  of  many  species,  first  made  known  from  the  waters  of  Green- 
land  and  northem  Europe,  have  been  found  to  extend  to  the  Ameri- 
can coast  at  the  region  about  the  Bay  of  Fundy  and  the  waters 
surrounding  Nova  Scotia.  Stimpson,  Verrill,  and  Webster  and 
Benedict  have  ^escribed  the  rich  fauna  of  the  f ormer,  and  Mclntosh, 
in  a  series  of  papers,  has  recorded  especially  the  results  of  the  dredg- 
ings  of  Whiteaves  in  the  Gulf  of  St.  Lawrence.  Both  regions,  while 
yielding  a  considerable  number  of  forms  peculiar  to  the  American 
coast,  have  exhibited  a  facies  essentially  Arctic. 

It  was  to  be  presumed,  therefore,  that  the  Labrador  Polychaeta 
would  belong  chiefly  to  Arctic  species,  with  some  additions  from  the 
more  southern  fauna.  Packard's  lists  had  already  furnished  a  basis 
for  this  expectation,  to  which  the  present  coUection  affords  welcome 
confirmation.  Fortunately,  the  bulk  of  the  coUection  comes  from 
Labrador,  where  additions  to  our  knowledge  were  most  to  be  desired. 
Of  the  61  species  recorded,  38  are  from  the  coast  of  Labrador,  and 
only  7  of  these  appear  in  Packard's  lists,  leaving  31  as  probably  new 
to  that  region.    The  remaining  13  species  were  dredged  mostly  off 
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Cape  Sable,  Nova  Scotia  ;  G  species  bave  not  previously  been  reported 
from  American  waters.  In  the  foUowing  list  it  will  be  understood 
that  where  the  name  of  the  Province  is  omitted  the  locality  is  in 
Labrador. 

Family  SILLIDiE. 

AUTOLYTUS  LONGISETOSUS  (CEnted)  Malmgren. 

A  single  male  epitoke  taken  in  the  tow  net  off  Egg  Harbor,  August 
10,  agrees  closely  with  the  descriptions  and  figures  of  this  northern 
species  given  by  CErsted,  Malmgren,  and  Verrill.  The  number  of 
segments  (30)  in  the  caudal  region  is,  however,  greater,  but  their 
total  length  bears  about  the  same  proportion  to  the  other  regions. 
There  are  6  setigerous  segments  in  the  anterior  and  30  in  the  middle 
or  swimming  region.  Notocirri  of  the  anterior  region  bear  a  large 
dorsal  basai  gland,  probably  represented  in  OSrsted's  figure  as  a 
thickening  of  this  region.  Some  confusion  exists  in  the  American 
records  of  this  species.    Verrill  reports  it  from  Massachusetts  Bay. 

Family  PHYLLODOCIDiE. 

PHYLLODOCE  MUCOSA  CEnted. 

Port  Manvers,  August  21,  30  fathoms,  sticky  mud;  halfway  be- 
tween  Cape  Mugford  and  Hebron,  August  23,  60  fathoms,  mud  and 
sand.  This  species  resembles  very  closely  P.  pukhella  Malmgren 
and  P,  catenula  Verrill.  From  the  latter,  so  common  on  the  New 
England  coast,  it  differs  in  the  form  of  the  notocirri  and  especially 
in  the  greater  number  and  smaller  size  of  the  papillse  of  the  basai 
division  of  the  proboscis.  The  nuchal  papilla,  so  generally  over- 
looked  in  members  of  this  genus,  is  present.  The  only  published 
American  Atlantic  record  is  that  of  Webster  and  Benedici  for 
Eastport. 

PHYLLODOCE.  ipecies. 

Off  Beachy  Island,  between  Flint  Island  and  Cape  Mugford, 
August  22,  80  fathoms,  soft  mud.  A  young  specimen  18  mm.  long; 
resembles  P.  pulchella  rather  more  closely  than  P.  mucosa^  except  in 
the  relative  length  of  the  seta  appendages. 

Family  POLYNOIDiE. 

HARMOTHOE  IMBRICATA  (Limueut)  Malmgren. 

Egg  Harbor,  August  10,  7  fathoms,  mud  ;  Shoal  Tickle,  southeast 
of  Nain,  August  15;  20  miles  northeast  of  Nain,  August  20;  Koma- 
toroic  Bay,  north  of  Nakoak,  August  28,  5  fathoms,  rocky;  off  St 
Lawrence  Harbor,  Placentia  Bay,  Newf oundland,  September  29  ;  St 
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Pierre  Harbor,  October  1,  5  f athoms,  rock  and  gravel  ;  Browns  Bank, 
off  Cape  Sable,  Nova  Scotia,  October  8,  45  fathoms;  43  miles  west 
by  south  from  Cape  Sable,  October  8, 110  fathoms,  gravel. 

This  widely  distributed  specics  appears  to  be  common  throughout 
the  region  represented.  The  usuai  marked  variations  in  color,  mar- 
ginai ciliation,  and  papillation  of  the  elytra  occur.  Packard  reports 
this  species  as  common  along  the  coast  of  Labrador.  It  is  probable 
that  he  did  not  fuUy  differentiate  this  from  other  species  of 
Polynoidse. 

LANILLA  GLABRA  Malmgren. 

Egg  Harbor,  August  10,  7  fathoms,  mud.  A  single  example  among 
several  of  the  last,  from  which  it  is  distinguishable  only  upon  careful 
examination.  Apparently  not  previously  recorded  from  the  Ameri- 
can coast. 

EUNOE  GBRSTEDI  Malmgren. 

Browns  Bank,  off  Cape  Sable,  Nova  Scotia,  October  8,  40-45  fath- 
oms, rocky  and  sandy;  20  miles  east  of  Cape  Sable,  October  7,  70 
fathoms,  fine  sand;  about  40  miles  west  by  south  from  Cape  Sable, 
October  8,  76  fathoms,  black  gravel.  The  elytral  papillse  are  largo 
and  usually  rough,  generally  conical,  but  in  some  cases  bifid  or  even 
trifid.  On  our  coast  this  species  occurs  as  far  south  as  Crab  Ledge, 
off  Chatham,  Massachusetts,  and  is  common  in  Casco  Bay,  Maine. 

ANTINOE  SARSI  Kinberg. 

Halfway  from  Cape  Mugford  to  Hebron,  August  23,  60  fathoms, 
mud  and  sand.  Five  typical  examples  like  those  occurring  on  the 
coasts  of  northern  Europe  and  Greenland.  Known  as  far  south  as 
Casco  Bay. 

GATTYANA  CIRROSA  (Pallas)  Mclntosh. 

Egg  Harbor,  August  10,  7  fathoms,  mud;  Shoal  Tickle,  southeast 
of  Nain,  August  15;  off  Beachy  Island,  between  Flint  Island  and 
Cape  Mugford,  August  22,  80  fathoms,  soft  mud;  halfway  between 
Cape  Mugford  and  Hebron,  August  23,  60  fathoms,  mud  and  sand; 
outside  of  Hebron,  August  25,  60  fathoms,  gravel;  Browns  Bank,, 
off  Cape  Sable,  Nova  Scotia,  October  8,  40  fathoms,  rocky  and 
sandy. 

Except  under  date  of  August  23,  when  four  specimens  were  taken, 
single  examples  only  of  this  species  occur  in  the  collections  from 
each  locality.  From  G.  amondseni  in  this  coUection  they  are  readily 
distinguished  by  the  broader,  more  depressed  form  and  by  the  elytra, 
which  have  larger  and  rougher  papilla?  and  much  longer  marginai 
cilia;  considerable  numbers  of  cilia,  not  exhibited  in  Malmgren's 
figures,  are  scattered  over  the  dorsal  surface  also. 
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GATTYANA  AMONDSENI  (Malmgren)  Mclntosh. 

Halfway  from  Cape  Mugford  to  Hebron,  August  23,  60  fathoms, 
mud  and  sand;  off  Fish  Island,  August  25.  75  fathoms,  mud;  1  mile 
north  of  Battle  Harbor,  September  14,  50  fathoms,  fine  sand.  These 
specimens  are  of  a  nearly  uniform  pale  gray  or  brownish  gray  color 
and  in  structural  characters  agree  closely  with  Malmgren's  figures. 
This  and  the  preceding  species  are  found  southward  to  Province- 
town,  Massachusetts,  and  Andrews  has  reported  a  specimen  of  G. 
cirrosa  even  at  Beaufort,  North  Carolina. 

EUPOLYNOE  ANTICOSTIENSIS  Mclntosh. 

Egg  Harbor,  Huntington  Island,  August  8,  7  fathoms,  mud;  oflf 
Fish  Island,  outside  of  Hebron,  August  25,  75  fathoms,  mud;  1  mile 
north  of  Battle  Harbor,  September  14,  50  fathoms,  fine  sand. 

As  its  name  indicates,  this  very  ciearly  characterized  species  was 
originally  described  by  Mclntosh  from  the  Gulf  of  St.  Lawrence  and 
up  to  the  present  has  not  been  recorded  elsewhere.  A  single  example 
wias  taken  at  each  station,  and  the  label  accompanying  that  first 
recorded  bears  the  interesting  memorandum  "  Worm  with  row  of 
phosphorescent  spots  on  each  side,"  thus  adding  this  species  to  the 
list  of  known  luciferous  Polynoidse. 

The  dark  spot  on  the  elytra  mentioned  by  Mclntosh  lies  at  the 
anterior  side  of  the  isthmus  of  an  oo-shaped,  unpigmented  spot 
bounded  by  the  curved  brown  bands,  which,  however,  may  not  fuUy 
inclose  it,  but  leave  it  continuous  antero-laterally  with  the  colorless 
covered  portion  of  the  elytra.  Each  segment  is  marked  on  the  dorsum 
by  a  narrow,  transverse,  greenish  stripe  and  often  by  a  pair  of  small 
brown  spots. 

The  proboscis  protruded  on  one  specimen  measures  5.5  mm.  long, 
3  mm.  wide,  and  3.5  mm.  deep,  with  9  dorsal  and  9  ventral  orificial 
papilla3  and  4  short,  stout,  pale-brown  jaws  of  the  usuai  form,  but 
shorter  than  in  most  related  species. 

LEPIDONOTUS  SQUAMATUS  (Linnseus)  Ktnberg. 

'     Browns  Bank,  off  Cape  Sable,  Nova  Scotia,  October  8, 140  fathoms, 
rocky  and  sandy. 

Curiously  enough,  this  species,  usually  so  plentiful  and  ubiquitous 
on  ali  northern  coasts,  is  represented  by  a  single  example  only,  a 
specimen  about  25  mm.  long  with  bright  brick-red  elytral  papilla^. 
Packard  reports  this  species  as  common  ali  along  the  Labrador 
coast  from  the  littoral  zone  to  20  fathoms.  It  ranges  at  least  to 
Virginia,  and  probably  beyond. 
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Family  APHRODITIDJE. 

LATMONICE  PILICORNIS  Kinberg. 

Off  Sable  Island,  Nova  Scotia,  75  miles  W.N.W.,  October  5,  76 
fathoms,  fine  sand.  A  single  fine  specimen,  which,  however,  was  not 
sufficiently  closely  studied  to  determine  if  it  is  really  distinct  from 
Z.  armata  Verrill,  of  the  New  England  coast  and  Gulf  Stream 
slope,  which  many  European  students  of  the  Polychaeta  consider 
to  be  identical.  Ehlers  considers  Z.  armata  to  be  a  synonym  of 
Z.  hinhergi  Baird,  and  records  the  species  from  the  West  Indian 
region.  Mclntosh  reports  L.  filicomis  from  the  Gulf  of  St.  Lawrence 
and  Verrill  Z.  armata  from  the  Gulf  of  Maine,  Georges  Banks,  etc. 

Family  NEPHTHYDIDiE. 

NEPHTHYS   C^CA   (Fabricius)    (Ersted. 

Egg  Harbor,  August  10,  7  fathoms,  mud  ;  Shoal  Tickle,  near  Nain, 
August  15;  Port  Manvers,  August  21,  30  fathoms,  sticky  mud;  off 
Beachy  Island,  between  Flint  Island  and  Cape  Mugford,  August  22, 
80  fathoms,  soft  mud  ;  half  way  between  Cape  Mugford  and  Hebron, 
August  23,  60  fathoms,  mud  and  sand  ;  1  mile  north  of  Battle  Har- 
bor, September  14,  50  fathoms,  fine  sand. 

Typical  examples  of  this  circumboreal  species  occur  in  considerable 
numbers  on  both  muddy  and  sandy  bottoms.  Those  from  the  first- 
mentioned  habitat  are  chiefly  of  small  size  and  are  more  or  less  deeply 
pigmented.  Those  taken  on  sandy  bottoms  are  colorless,  like  the 
representatives  of  the  species  in  southern  New  England,  which  like- 
wise  occur  on  sandy  or  stony  bottoms  exclusively.  Packard  records 
this  species  from  Labrador,  and  it  is  common  at  Eastport,  as  reported 
by  both  Ehlers  and  Webster  and  Benedict. 

NEPHTHYS  INCISA  Malmgren. 

East  of  Cape  Sable  55  miles,  October  6,  85  fathoms,  mud.  Several 
specimens  of  this  species,  so  abundant  on  the  soft,  muddy  bottoms 
of  Buzzards  Bay,  Massachusetts,  where  it  was  formerly  erroneously 
identified  with  N.  ingens  Stimpson.  Tt  is  common  in  northern 
Europe  also.  From  N,  cosca  it  is  readily  distinguished  by  its  much 
shorter,  prismatic  body  and  deeply  incised  parapodia,  as  well  as 
differences  in  papillation  of  the  proboscis  and  characters  of  the 
setigerous  rami  and  setae. 

Family  NEREID^. 

NEREIS  PELAGICA  Linnstu. 

Cock  Capelin,  Gready  Harbor,  August  8,  20  miles  E.S.E.  of  Cape 
Sable,  Nova  Scotia,  October  7,  70  fathoms,  fine  sand  ;  14  miles  south 
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of  Cape  Sable,  October  7,  45  f athoms,  rocky  ;  Browns  Bank,  off  Cape 
Sable,  October  8,  40-45  fathoms,  rocky  and  sandy. 

A  single  specimen  from  the  Labrador  station;  common  off  Cape 
Sable.  Reported  by  Packard.  Circumboreal  and  south  to  Beau- 
fort,  North  Carolina. 

Family  LUMBRINERID^. 

LUMBRINERIS   PRAGILIS   (MOUer). 

Port  Mant^ers,  August  21, 30  fathoms,  sticky  mud.  Two  fragments 
of  anterior  ends  of  a  large  Lnmhrineris  are  referred,  with  some  doubt, 
to  this  species.  They  are  4-5  mm.  in  diameter,  with  a  faint,  narrow 
brown  band  on  the  dorsum  of  each  segment.  The  form  of  the  head, 
*parapodia,  etc,  agree  with  this  species.  The  jaws  closely  resemble 
Mclntosh's  figure,  have  five  obscure  teeth  on  the  large  right  maxilla 
(II)  and  foiir,  more  distinct  ones,  on  the  left.  Two  hooded  crochets 
appear  in  the  parapodia  at  XX  and  two  acute  limbate  setse  remain 
in  the  middle  of  the  bundle  at  LXXV,  but  have  disappeared  at  XCV. 
Intermediate  forms  of  setse  occur.  Common  and  generally  distrib- 
uted  north  of  Cape  Cod,  as  well  as  in  European  waters,  but  rare 
south  of  Cape  Cod. 

LUMBRINERIS  HEBES  Verrill. 

Shoal  Tickle,  southeast  of  Nain,  August  15;  off  Beachy  Island. 
between  Flint  Island  and  Cape  Mugford,  August  22,  80  fathoms, 
soft  mud. 

Two  incomplete  examples,  which  agree  with  Verrill's  description  in 
every  respect,  except  that  a  single  acute  limbate  seta  persists  in  the 
bundles  as  far  as  XL  or  L,  while  in  examples  of  this  S];)ecies  from 
southeastern  Massachusetts  limbate  setse  seldom  òccur  beyond  somite 
XX  to  XXIV. 

This  species,  common  throughout  the  length  of  the  New  England 
coast,  has  not  before  been  reported  north  of  Eastport,  where  it  was 
taken  by  Webster  and  Benedict. 

Family  ONUPHIDìE. 

NOTHRIA  CONCHYLEGA  (Sars)  MalmgKn. 

Egg  Harbor,  August  10,  7  fathoms,  mud  ;  outside  of  Hebron,  Au- 
gust 25,  GO  fathoms,  gravel;  same,  August  2G,  80  fathoms;  off  St. 
Lawrence  Harbor,  Placentia  Bay,  Newfoundland,  September  29; 
Browns  Bank,  off  Cape  Sable,' Nova  Scotia,  October  8,  45  fathoms; 
same,  110  fathoms,  gravel.  From  one  to  four,  mostly  richly  colored 
examples,  at  each  station.  On  muddy  bottoms  the  tubes  are  covered 
with  fragments  of  she'ls;  on  gravelly  bottoms  with  fiat  bits  of  rock. 
This  species  is  well  known  throughout  the  northem  North"  Atlantic 
and  occurs  as  far  south  as  Chatham,  Massachusetts. 
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Family  ARICIID^. 

8COLOPLOS  ARMIOBR   (MOUer)    BUinviUe. 

Off  Beachy  Island,  between  Flint  Island  and  Cape  Mugford, 
August  22,  80  fathoms,  soft  mud;  l'mile  north  of  Battle  Harbor, 
September  14,  50  fathoms,  fine  sand. 

Small  incomplete  speeimens,  representing  the  anterior  end  only, 
from  these  stations  agree  very  closely  with  the  published  descript ions 
and  figures  of  this  species.  They  are  much  contracted  and  the  an- 
terior branchise  are  very  minute,  but  appear  to  begin  on  somite  XIII 
in  ali  cases.  Several  of  the  anterior  segments  are  lightly  banded  on 
the  dorsum  with  brown  ;  S.  acutum  Verrill  is  very  closely  related,  if 
not,  indeed,  identical,  with  this  northern  European  species  and  occurs 
in  southern  New  England.  Webster  and  Benedict  regard  it  as  the 
same  as  S.  armiger  which  they  report  from  Eastport. 

Family  CIRRATULID^E. 

CIRRATULUS  CIRRATUS  (Mailer)  Malmgren. 

Shoal  Tickle,  southeast  of  Nain,  August  15.  A  single  much  con- 
tracted specimen  about  30  mm.  long  and  fiUed  with  eggs.  There  aro 
scven  or  eight  conspicuous  eye-spots  on  each  side  of  the  prostomium, 
arranged  in  a  pair  of  slightly  curved  oblique  lines,  converging,  but 
not  meeting,  in  front.  This  is  another  of  the  species  reported  by 
Packard. 

CHiETOZONE  SETOSA  Malmgren. 

Off  Beachy  Island,  between  Flint  Island  and  Cape  Mugford, 
August  22,  80  fathoms,  soft  mud. 

Four  small  imperfect  speeimens  8-15  mm.  long  agree  with  Malm- 
gren's  description  and  figures  except  that  they  possess  a  pair  of 
long,  stout  tentacular  cirri  (sometimes  called  palpi)  and  a  larger 
number  of  branchial  filaments  (notocirri).  The  posterior  spines  are 
also  more  slender  and  clongated  than  in  the  adults.  In  these  re- 
spects  they  agree  exactly  with  examples  found  at  Eastport  by  Web- 
ster and  Benedict.  The  tentacular  cirri  of  many  CirratulidaB  are 
known  to  be  extremely  caducous,  and  this,  together  with  the  fact  that 
many  become  epitokous  (recently  discovered  by  Caullery),  has  caused 
much  confusion  and  unnocossary  multiplication  of  genera. 

Family  AMPHARETID.^. 

SABELLIDES  BOREALIS  Sars. 

Halfway  between  Cape  Mugford  and  Hebron,  August  23,  60 
fathoms,  mud  and  sand. 

A  fine  specimen,  60  mm.  long  and  more  than  3  mm.  in  maximum 
width  ;  segments  29,  14  setigerous.     Notocirri  begin  on  XIX  and  ex- . 
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tend  to  XXIX,  inclusive.     Caudal  cirri  1^  mni.  long.    BnmdiÌK 

shorter  than  in  Malmgren's  figure  and  his  figures  of  uncini  imperfect 
in  that  they  fall  to  show  the  doublé  serìes  of  marginai  teeth;  those 
examined  have  4  teeth  in  each  series.  Tentacles  ciliated.  The 
tube  is  moderately  firm  with  coilapsable  ends,  formed  of  fine  sili,  and 
meaeures  170  mm.  long  by  5  mm.  in  diameter.  Not  previously  re- 
ported  from  the  American  coast. 

SAMYTHA  SEXCIRRATA  Sars. 

Port  Manvers,  August  21,  30  fathoms,  sticky  mud. 

Two  specimens  (the  largest  22  mm.  long,  found  in  a  soft  mucoid 
tube)  appear  to  belong  to  this  species,  but  exhibit  several  peculiari- 
ties.  There  are  only  16  setigerous  segments  instead  of  the  typical 
17  ;  this  count  is  reliable  f or  one  specimen,  but  the  other  is  macerated 
about  the  middle,  and  it  is  possible  that  a  seventeenth  may  bear  seta. 
There  are  12  post-setigerous  segments,  and  the  pygidium  is  4-lobed, 
with  a  pair  of  ventral  cirri.  One  has  three  pairs  of  branchia?  ar- 
ranged  typically  in  a  transverse  rank  on  a  ridge.  On  the  other  the 
rank  is  crowded  and  irregular  and  on  the  right  side  an  additional 
gill — making  7  in  ali — quite  similar  to  the  others  arises  behind  them. 
The  uncini  have  the  marginai  teeth  in  two  altemating  series  of  five 
or  six  each.  Verrill  reports  this  species  from  several  localities  on  the 
northern  New  England  coast. 

Family  AMPHICTENIDìE. 

PECTINARIA   (CISTENIDES)  HYPERBOREA   (Malmgren). 

Egg  Harbor,  August  10,  7  fathoms,  mud;  off  Beachy  Island,  be- 
tween  Flint  Island  and  Cape  Mugford,  August  22,  80  fathoms,  soft 
mud;  halfway  between  Cape  Mugford  and  Hebron,  August  23,  60 
fathoms,  mud  and  sand.  The  tubes  measure  from  9  to  72  mm.  long, 
the  largest  being  9  mm.  in  diameter  at  the  mouth.  The  worms  have 
12  or  rarely  13  pairs  of  paleae,  and  the  uncini  sometimes  have  4  in- 
stead of  3  large  hooks.  Though  common  in  Greenland  waters,  this 
species  is  new  to  the  American  coast,  though  it  seems  probable  that 
some  of  the  records  of  the  closely  similar  P.  granulata  may  refer  to 
this  species.  P,  granulata  is  reported  by  Packard  as  common  in 
Labrador,  and  is  recorded  from  ali  parts  of  the  New  England  coast, 
especially  northward. 

Family  TEREBELLID^. 

AMPHITRITE  INTERMEDIA   Malmgren. 

About  40  miles  west  by  south  from  Cape  Sable,  Nova  Scotia,  Octo- 
ber  8,  76  fathoms,  black  gravel.  A  single  specimen  65  mm.  long. 
Verrill  has  recorded  this  species  from  the  northern  New  England 
coast. 
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LRSNA  ABRANCHIATA  Malmgren. 

Egg  Harbor,  August  10,  7  fathoms,  mud.  An  incomplete  speci- 
men in  a  portion  of  tube  constructed  of  small  shell  f  ragments.  There 
are  11  fascicles  of  setae  on  one  side,  10  on  the  other.  The  only  record 
of  this  species  on  our  coasts  is  the  doubtful  one  in  Verrill's  check  list. 

AXIONICB  FLEXUOSA  (Gnibe)   Malmgren. 

Nain,  August  18,  7  fathoms,  mud  ;  off  Beachy  Island,  between  Flint 
Island  and  Cape  Mugford,  80  fathoms,  soft  mud;  southeast  from 
Burin,  Placentia  Bay,  Newfoundland,  September  28,  110  fathoms, 
rocks  and  pebbles. 

A  single  specimen  of  the  worm  was  taken  at  the  station  last  re- 
corded.  At  the  other  stations  the  characteristic,  hard,  sandy,  regu- 
larly  flexuous  tubes  were  noted.  Another  addition  to  the  American 
fauna. 

NICOLEA  ZOSTERICOLA  (CEnted)  Malmgren. 

Egg  Harbor,  August  10,  7  fathoms,  mud.  A  female,  barely  18  mm. 
long,  and  having  40  segments,  15  of  which  are  setigerous;  contains 
numerous  large  eggs.  A  stili  smaller  male  has  the  sexual  cirri  already 
developed.  The  female  has  two  pairs,  the  male  one  pair  and  an 
unpaired  one,  of  small  little-branched  gills.  It  is  possible  that  these 
may  be  small  specimens  of  N.  arctica^  from  which  species  they  differ 
only  in  their  smaller  size  and  slightly  developed  gills.  Webster  and 
Benedict  give  the  only  previous  record  for  the  American  coast,  their 
specimens  having  been  taken  at  Eastport 

THELBPUS  CINCINNATUS  (Pabrìcius)  Leuckart. 

Near  Egg  Harbor,  August  10,  20  fathoms,  rocks;  Shoal  Tickle, 
near  Xain,  August  15;  outside  Hebron,  August  2G,  80  fathoms, 
gravelly;  14  miles  south  of  Cape  Sable,  Nova  Scotia,  October  7,  45 
fathoms,  rocky  ;  Browns  Bank,  off  Cape  Sable,  October  8,  40-45  fath- 
oms, rocky  and  sandy  ;  about  40  miles  west  by  south  from  Cape  Sable, 
October  8,  76  fathoms,  black  gravel;  about  43  miles  west  by  south 
from  Cape  Sable,  October  8,  110  fathoms,  gravel. 

This  well-known  and  widely  distributed  species,  originally  de- 
scribed  from  Greenland  waters,  and  known  on  our  coasts  southward 
as  far  as  the  banks  off  Marthas  Vineyard  and  Block  Island,  occurs 
generally  in  the  region  covered  by  these  explorations.  The  character- 
istic tubes  are  frequently  dredged,  especially  on  the  gravelly  bottoms 
off  Cape  Sable.  The  muddy  bottoms  off  much  of  the  Labrador  coast 
are  unfavorable  to  its  presence. 
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TSREBELLIDES   STRCEMI  San. 

Egg  Harbor,  August  10,  7  f athoms,  mud  ;  halfway  between  Cape 
Mugford  and  Hebron,  August  23,  CO  f athoms,  mud  and  sand;  65  mìles 
east  of  Cape  Eable,  Nova  Scotia,  Octobar  C,  85  f  athoms,  mud. 

A  specÌGs  of  wide  distribution  and  frequent  occurrencc,  known  on 
our  coast  as  far  south  as  Vineyard  Sound,  where  it  was  discovered  by 
Verrill. 

Family  MALDANIDiE. 

LUMBRICLYMENE,  ipecieff? 

Off  Cape  Sable,  Nova  Scotia,  14  miles  south,  October  4, 45  f athoms, 
rocky.  The  anterior  ten  segments  with  a  color  pattern  like  Arwids- 
sons  figure  of  L.  cylindricauda  but  with  differently  shaped  crochets. 

PRAXILLELLA  GRACILIS  (San)  Verrfll. 

Egg  Harbor,  August  8,  7  fathoms,  mud.  The  head  and  anterior 
ten  setigerous  segments  of  a  large  individuai  70  mm.  long  and  5  mm. 
in  diameter.  Except  that  the  number  of  uncini  in  anterior  setigerous 
segments  (II-IV)  is  greater,  it  agrecs  fully  with  descriptions  of 
specimens  from  northern  Europe. 

PRAXILLELLA  PRiETERMISSA  (Malmgren)  VerriU. 

Egg  Harbor,  August  10,  7  fathoms,  mud.  Eepresented  by  a  caudal 
end  1.3  mm.  in  diameter.  The  caudal  funnel  bears  15  very  regular, 
bluntly  pointed  papillae  as  long  as.one-third  of  the  diameter  of  the 
funnel  and  an  umpaired  neural  filament  nearly  twice  as  iDng.  Both 
this  and  the  preceding  species  bave  been  reported  by  Verrill  and 
others  from  the  northern  New  England  coast. 

PRAXILLELLA,  species? 

One  mile  north  of  Battle  Harbor,  September  14,  50  fathoms,  fine 
sand.  A  much  contracted  caudal  end  consisting  of  four  short 
achfletous  segments  and  an  anal  funnel  exactly  like  Arwidssons  P, 
affiìivs  (Taf.  fic^.  147),  but  with  36  short,  blunt,  regular  mai^inal 
papillse,  which  become  somewhat  shorter  and  more  crowded  dorsally  ; 
the  unpaired  ventral  onc  in  the  neural  line  about  twice  as  long  as  the 
others.     Crochets  unknown. 

MALDANE  SARSI  Malmgren. 

Shoal  Tickle,  near  Nain,  August  15;  Port  Manvers,  August  21, 
30  fathoms,  sticky  mud.  From  the  first  recorded  station  comes  one 
and  from  the  second  twenty  or  more  fragmcnts  of  anterior  ends, 
including  the  head,  and  from  one  to  ten  setigerous  segments.     The 
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diameter  is  froih  0.8  to  3.2  mm.  The  only  obvious  feature  in  which 
these  specimens  differ  from  typical  examples  of  the  species  is  the 
elevation  into  a  ridge  of  the  transverse  glandular  bow  on  the  dorsum 
behind  the  fifth  fascicles  of  set».  An  abundant  circumboreal  species 
well  known  from  the  coast  of  northern  New  England. 

Family  CHLORH^MIDiE. 

BRADA  GRANULATA  Malmgren. 

Half way  between  Cape  Mugford  and  Hebron,  August  23,  60  f ath- 
oms,  mud  and  gravel  ;  off  Fish  Island,  outside  of  Hebron,  August  25, 
76  f  athoms,  mud  ;  outside  of  Hebron,  August  26,  80  f  athoms,  gravel. 

These  are  stout  grub-shaped  worms  measuring  40-45  mm.  long 
and  9-13  mm.  in  diameter,  with  21-23  setigerous  segments.  There 
is  little  doubt  that  they  belong  to  Malmgrens  species,  but  it  seems 
probable  that  this  is  identical  with  B.  suhlevis  Stimpson  described 
from  the  Bay  of  Fundy  in  1853,  as  has  been  suggested  already  by 
Webster  and  Benedict. 

TROPHONIA  ASPERA  Stimpioii. 

Egg  Harbor,  August  10,  7  fathoms,  mud  ;  Nain,  August  18,  7  f ath- 
oms, mud;  Port  Manvers,  August  21,  30  fathoms,  sticky  mud;  off 
Beachy  Island,  between  Flint  Island  and  Cape  Mugford,  August  22, 
80  fathoms,  soft  mud;  outside  of  Hebron  Harbor,  August  25,  60 
fathoms,  gravel.  One  specimen  from  each  station;  a  complete  one 
has  32  segments  and  a  length  of  45  mm.  A  tuft  of  seven  rather  thick 
tentacles,  having  a  length  equal  to  one-half  the  body  diameter,  is 
exposed  on  one  side.  The  setae  of  the  first  three  segments  are  very 
long,  and  the  first  five  tufts  of  notopodials  are  directed  forward. 
This  is  one  of  the  species  reported  by  Packard. 

FLABELLIGBRA  AFFINUS  San. 

Egg  Harbor,  August  10,  7  fathoms,  mud  ;  outside  Hebron,  August 
26,  80  fathoms,  gravelly;  55  miles  cast  of  Cape  Sable,  Nova  Scotia, 
October  6,  85  fathoms,  mud.  One  specimen  from  each  station,  22  to 
60  mm.  long.  This  species  and  the  next  are  European  forms  weU 
known  on  our  coast  as  far  south  as  Casco  Bay. 

Family  SCALIBREGMIDiE. 

SCALIBREQMA  INFLATUM  Rathke. 

Off  Cape  Sable,  Nova  Scotia,  55  miles  east,  October  6,  85  fathoms, 
mud.    One  much  macerated  specimen. 
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FamUy  STERNASPIDJE. 

STSRNASPIS  FOSSOR  Stimpson. 

Off  Cape  Sable,  Nova  Scotia,  55  fathoms  east,  September  6,  85 
fathoms,  mud. 

These  specimens  are  identical  with  some  coUected  near  the  type 
locality  by  Dr.  Harold  S.  Colton.  They  differ  greatly  from  the 
southern  New  England  species  which  has  long  gone  under  Stimpson *s 
name,  but  which  I  am  unable  to  distinguish  from  Mediterranean 
examples  of  S.  acutata  (Ranzani).  S.  fossor  has  seven  segments 
between  the  genital  pores  and  the  anterior  margin  of  the  caudal 
shields,  which  have  obscure  ridges  and  a  bright  ferruginous  color. 
The  cuticle  is  more  or  less  densely  pilose,  especially  behind  the  genital 
pores,  where  most  of  the  cutaneous  papillse  become  aggregated  in  a 
regular  row  of  low  tufts  on  many  of  the  segments;  above  the  regìon 
of  the  caudal  shield  they  become  longer  and  almost  fìlamentous. 
Southern  specimens,  in  striking  contrast,  have  eight  segments  between 
.the  genital  pores  and  the  caudal  shield  and  the  cuticle  is  nearly 
smooth.  The  ranges  of  these  two  species  on  our  coasts  can  noi  now 
be  stated. 

Family  ERIOGRAPHID^. 

MYXICOLA  STEBNSTRUPI  Kroyer. 

Browns  Bank,  off  Cape  Sable,  Nova  Scotia,  October  8,  40  fathoms. 
A  young  specimen  having  a  total  length  of  22  mm.  and  a  maximum 
width  of  nearly  2  mm.  Perf  ectly  colorless  except  f or  segmentai  pairs 
of  conspicuous  lateral,  small,  nearly  black  eye-spots,  arranged  in  a 
somewhat  irregular  series  on  each  side.  Common  at  Eastport  and 
reported  by  Verrill  from  Casco  Bay,  Maine. 

Family  SABELLIDJS. 

SABELLA  CRASSICORNIS  San. 

Off  Sable  Island,  Nova  Scotia,  75  miles  W.  N.  W-,  October  5,  75 
fathoms,  fine  sand.  A  single  specimen  24  mm.  long  with  14  paìrs 
of  branchise  8  mm.  long  marked  with  five  or  sìx  regular  pale  brown 
bands,  at  each  of  which,  except  the  first,  a  pair  of  large  dark-brown 
eye-spots  is  home  on  the  back  of  each  rachis.  The  rather  stiff  tube 
is  strengthened  with  fine  sand  grains.  Not  previously  reported  from 
our  coasts,  though  the  related  8.  pavomca  is  well  known  in  New 
England  waters. 

CHONE  INFUNDIBULIFORMIS  Kroyer. 

Same  station  as  last.    Two  specimens. 
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CHONB,  species?. 

Near  Egg  Harbor,  August  10,  20  fathoms,  rocks.  Portion  of 
caudal  end  of  a  specimen  3  mm.  in  diameter.  The  abdominal  uncini 
bave  much  longer  beaks  than  those  of  the  specimens  of  C.  infundi- 
huliformis^  longer,  indeed,  than  figured  for  any  of  the  North  Atlantic 
species.  They  resemble  those  of  C.  dnneri  Malmgren  rather  more 
closely. 

EUCHONE  TUBBRCULOSA  (Kroyer)  Malmgren. 

Off  Beachy  Island,  between  Flint  Island  and  Cape  Mugford,  Au- 
gust 22,  80  fathoms,  soft  mud.  Two  fine  specimens.  One  is  31  mm. 
long,  the  gills  being  8.5  mm.,  the  other  slightly  longer.  Both  are 
colorless  and  both  bave  the  left  ventral  piate  of  the  first  abdominal 
segment  more  than  twice  as  large  as  the  right  and  extending  in  front 
of  it.    Tubes  of  fine  silt,  terete,  103  mm.  long  and  2  mm.  in  diameter. 

EUCHONE  RUBROCINCTA   (San)   Malmgren. 

Egg  Harbor,  August  10,  7  fathoms,  mud.  A  small  specimen  12 
mm.  long.  This  is  an  addition  to  the  North  American  fauna,  but  the 
two  preceding  species  bave  been  taken  by  Verrill  in  northem  New 
England. 

POTAMILLA  NBGLECTA   (Sara)  Malmgren. 

Off  Cape  Sable,  Nova  Scotia,  14  miles  south,  45  fathoms,  rocky; 
75  miles  WNW.  from  Sable  Island,  75  fathoms,  fine  sand;  Browns 
Bank,  off  Cape  Sable,  October  8,  40  fathoms,  rocky  and  sandy. 

The  four  specimens  are  larger  than  is  usuai  for  the  species  in  north- 
ern  European  waters,  having  a  thoracic  width  of  2.6-4  mm.  The 
gills,  of  which  there  are  15  or  16  pairs,  are  either  colorless  or  more 
or  less  diffusely  colored  with  pale  chestnut  or  orange  brown.  Re- 
ported  by  Webster  and  Benedict  from  Eastport  and  by  Verrill  from 
Georges  Banks. 

Family  SERPULIDJB. 

PILOGRANA  FILOGRANA  Berkeley. 

Browns  Bank,  off  Cape  Sable,  Nova  Scotia,  October  8,  a  small 
group  of  tubes  of  this  species,  which  occurs  southward  to  Marthas 
Vineyard. 

SPIRORBIS  SPIRILLUM  Linnaens. 

Egg  Harbor,  August  10,  7  fathoms,  fine  mud;  Shoal  Tickle,  20 
miles  southeast  of  Nain,  25  fathoms,  gravel  ;  outside  of  Hebron,  Au- 
gust 25,  60  fathoms,  gravel;  Browns  Bank,  off  Cape  Sable,  Nova 
Scotia,  October  8,  40  fathoms,  rocky  and  sandy.  Most  of  the  speci- 
mens are  of  the  ascending  {lucidità)  form  attached  to  bryozoans  and 
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hydroids,  but  a  few  of  the  typical  discoid  form  occur  on  Laminaria. 
etc.  Reported  by  Packard  (not  as  apirillum^  but  as  8.  porrecta^  teste 
Verrill). 

SPIRORBIS  CANCBLLATUS  (Fabrìcius)  Morch. 

Egg  Harbor,  August  10,  7  fathoms,  mud.  One  thick-walled,  dex- 
tral  tube  showing  carinae,  three  teeth  at  the  aperture,  and  series  of 
basai  pits  exactly  like  Levinsen's  figure  18.    Also  in  Packard's  list 

SPIRORBIS  VALIDUS  VerrìU. 

Egg  Harbor,  August  10,  7  fathoms,  mud  ;  Shoal  Tickle,  August  15, 
25  fathoms,  gravel;  Komactoroic  Bay,  north  of  Nakoak,  5  fathoms, 
rocky.  Several  tubes  attached  to  pebbles,  a  broken  shell  of  Sipìio 
ialandica^  and  to  bryozoans.  Both  discoid  and  ascending  forms  occur, 
and  a  few  small  ones  may  possibly  he  ^S^,  tubaeformia.  Previously 
known  from  Greenland,  Grand  BaiU^,  etc. 
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THE    SPERMATOGENESIS    OF    AGALENA   N^EVIA. 

LOUISE  B.  WALLACE. 

Introduction. 

A  study  of  the  spermatogenesis  of  the  Araneina  offers  a  field 
of  unusual  interest  to  the  investigator  not  only  because  of  the 
seemingly  aberrant  forni  of  the  mature  sperm  cells  but  also  be- 
cause of  the  presence  of  conspicuous  accessory  chromosomes  in 
many  species.  One  needs  only  to  read  over  the  list  of  subjects 
in  recent  cytological  literature  to  realize  how  much  interest  is  at 
present  centered  upon  the  development  of  the  germ  cells  as  a* 
whple  and  especially  upon  certain  chromosomes  which  behave 
peculiarly  and  which  are  designated  by  various  names  —  **  chro- 
mosomes spéciaux"  (de  Sinéty),  **Chromatin  nuceolus"  and 
**  heterochromosome  "  (Montgomery),  "  small  chromosome  *'- 
(Paulmier),  "accessory  chromosome"  (McClung),  "idiochro- 
mosome,'*  **  macrochromosome  "  and  "  microchromosome*'  (Wil- 
son). Nearly  two  decades  ago,  Henking  (*90)  in  his  work  upon 
Pyrrhocoris^  discovered  and  described  a  chromatin  element  which 
took  part  in  only  one  of  the  spermatocytic  divisions  and  there- 
fore  caused  dimorphism  of  the  spermatozoa  but  he  did  not  appar- 
ently  see  the  relation  between  this  element  and  the  chromatin 
nucleoli  of  the  resting  stage  nor  did  he  offer  any  suggestion  as  to 
its  significance.  Since  the  publication  of  Henking's  work,  scores 
of  papers  on  insect  spermatogenesis  bave  appeared  but  as  excel- 
lent  reviews  of  this  literature  bave  already  been  given  more  than 
once,  it  seems  superfluous  to  review  it  bere.  Suffice  it  to  say 
that  it  is  now  a  well-established  fact  that  among  the  Hemiptera, 
at  least,  dimorphism  of  the  spermatozoa  is  the  rule  and  further- 
more  that  the  dimorphism  is  due  to  the  unequal  distribution  of  the 
heterochromosomes  or  to  their  being  of  unequal  size.  In  the 
myriapods,  also,  Blackman  (*oi,  '03,  '05)  has  found  the  same 
dimorphism  of  the  spermatozoa. 

^  Thesis  presented  to  the  faculty  of  the  Graduate  School  of  the  University  of  Peno» 
sylvania  in  partial  fulfilment  of  the  requirements  for  the  degree  of  Ph.D. 

120 


Digitized  by 


Google 


THE  SPERMATOGENESIS    OF    AGALENA    NìEVIA.  121 

Outside  of  the  insects  and  myriapods,  heterochromosomes  bave 
been  reported  in  the  Araneina  only  and  as  yet  this  unusually 
beautiful  and  interesting  material  has  not  only  been  comparatively 
neglected,  but  there  has  been  marked  discrepancy  in  the  results 
of  the  few  who  have  worked  upon  it.  So  far  as  I  know,  the  only 
published  work  upon  the  development  of  the  male  germ  cells  of 
spiders  which  has  been  done  under  sufficiently  modem  methods 
of  technique  to  be  of  value  to  us  here  is  that  of  Wagner  in  1 896, 
myself  in  1900,  Montgomery,  Bósenberg  and  myself  in  1905 
and  Berry  in  1906.  With  the  hope  of  harmonizing  the  results 
of  the  above-mentioned  authors  and  of  correcting  and  expanding 
my  own  earlier  results  the  present  work  was  undertaken.  It  has 
seemed  best  to  use  the  common  tube-weaving  spider,  Agalena 
ncBvia,  again  as  the  basis  of  investigation,  although  a  number  of 
genera  have  been  studied  in  order  to  illustrate  some  points. 
While  my  former  conclusions  in  regard  to  the  behavior  of  the 
ordinary  chromosomes  are  now  only  verified  and  strengthened, 
those  upon  the  distribution  of  the  accessory  chromosomes  and 
upon  the  nature  of  the  degenerating  cells  need  considerable  re- 
vision. After  a  careful  reading  of  the  literature  on  the  subject 
and  after  an  examination  of  testes  in  various  genera,  I  am  con-, 
vinced  that  before  long  generalizations  can  be  made  in  spider 
spermatogenesis  and  that  contradictions  are  mainly  due  to  differ- 
ences  in  observations  and  interpretations  ;  not  to  radicai  differ- 
ences  existing  in  the  developmental  history  of  the  germ  cells 
themselves. 

My  investigations  were  carried  on  in  the  Zoólogical  Laboratory 
of  the  University  of  Pennsylvania  and  it  gives  me  pleasure  to 
warmly  express  my  indebtedness  to  Professor  Conklin  for  the 
kind  interest  with  which  he  has  foUowed  the  progress  of  my  work 
and  his  helpful  suggestions  and  encouragement 

Material. 
Most  of  my  material  was  collected  in  the  state  of  Massachusetts 
where  the  breeding  season  of  Agalena  does  not  begin,  usually, 
until  the  last  week  of  August  and  continues  until  late  in  Sep- 
tember.  In  mid-sumsier  the  testes  are  largely  made  up  of  pri- 
mary  spermatocytes  in  the  growth  period  while  in  May  and  the 
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early  part  of  June  they  consist  mainly  of  spermatogonia.  In 
Philadelphia  the  breeding  season  occurs  a  week  or  two  earlier 
than  it  does  in  Massachusetts.  Late  in  the  fall  the  male  spiders 
are  fewer  in  number  than  the  female  spiders  owing  to  the  fact 
that  they  are  more  often  overcome  and  eaten  by  their  mates. 
Most  of  the  adult  spiders  perish  at  the  approach  of  cold  weather. 

The  testes  are  translucent,  slightly  convoluted  tubular  organs 
and  can  be  easily  seen  as  they  He  inbedded  in  the  voluminous, 
brown  liver  which  in  mature  specimens  occupies  the  greater  part 
of  the  abdominal  cavity.  In  very  young  spiders,  however,  it  is 
often  difficult  to  distinguish  the  testes  from  the  whitish,  tubular 
spinning-glands  lying  beneath  them.  In  Agalena  it  is  a  com- 
paratively  simple  matter  to  determine  the  sequence  of  stages  in 
the  development  of  the  germ  cells  as  in  cross-sections  of  the 
testes  the  least  mature  cells  are  always  at  the  periphery,  and  they 
increase  in  maturity  toward  the  lumen.  Sometimes  in  a  single 
cross-section  can  be  found  spermatogonia,  spermatocytes,  sperma- 
tids  and  mature  spermatozoa.  In  the  height  of  the  breeding 
season  the  lumen  and  the  ducts  are  fìlled  with  quantities  of  ripe 
spermatozoa  and  degenerating  cells.  As  was  first  discovered  by 
'  Menge  ('43),  the  male  spider  has  the  peculiar  habit  of  spinning  a 
small,  delicate  web  and  depositing  upon  it  a  minute  drop  of 
seminai  fluid  which  is  then  taken  up  into  the  fine,  coiled  tubes  of 
the  pedipalps  preparatory  to  its  introduction  into  the  receptaculum 
seminis  of  the  female.  This  process  can  readily  be  observed  if 
spiders  be  kept  in  captivity  during  the  breeding  season  and  Mont- 
gomery (*03)  has  given  a  detailed  description  of  it  in  a  number 
of  genera.  By  teasing  out  the  contents  of  the  storing-organs  of 
the  pedipalps  one  can  obtain  an  abundance  of  spermatozoa  which 
are  sure  to  be  mature. 

Method. 

The  spiders  were  beheaded  and  the  testes  dissected  out  in  the 
killing  fluid.  This  method  renders  easy  their  removal  from  the 
body  and  insures  rapidity  of  fixation.  Among  the  various  fixing 
fluids  used  were  Zenker's  fluid,  Gilson's  mercuro-nitric,  Gilson's 
acetic  alcohyl  with  sublimate,  Hermann's  fluid  and  Flemming's 
fluid,  strong  solution.  Flemming's  fluicf  gave  slightly  better 
results  than  Hermann's  and  both  of  these  fluids  gave  vastly  better 
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preparations  than  the  others  mentioned  although  ali  were  uscful 
in  some  ways. 

Ripe  spermatozoa  from  the  pedipalps  were  stneared  on  a  glass 
slide  and  well  fìxed  by  heating  at  the  boiling  point.  Smear  prepa- 
rations, after  the  method  of  Foot  and  Strobell,  proved  of  value 
for  the  mature  sperm  cells  but  were  disappointing  for  the  earlier 
stages.  This  may  be  due  to  the  fact  that  the  chromosomes  are 
large  and  numerous  and  even  when  the  nucleus  is  spread  out  in 
an  extremely  thin  film,  they  become  so  heaped  up  upon  one 
another  that  it  is  not  possible  to  count  them  accurately.  If  smear 
preparations  be  compared  wìth  those  treated  with  fixing  fluids,  it 
is  evident  that  the  latter  cause  considerable  shrinkage  ;  and  tissues 
fixed  in  Flemming's  fluid  for  a  few  hours  show  less  shrinkage 
than  those  fixed  for  fifly  hours  or  more  but  the  latter  method 
brings  out  strongly  the  centrosomes  and  spindle  fibers. 

Heidenhain's  iron-haematoxylin  has  been  chiefly  relied  upon 
for  staining  as  it  gave  the  fìnest  results  in  almost  every  particular 
but  beautiful  preparations  were  also  obtained  with  Hermann's 
triple  stain.  Every  one  grants  that  the  diflTerent  reactions  to 
staining  reagents  are  no  safe  criterion  in  the  endeavor  to  diflTercn- 
tiate  nuclear  elements,  since  the  same  structures  do  not  always 
stain  in  the  same  way  during  the  various  phases  of  development 
Nevertheless  color-difTerentiation  is  often  helpful  and  this  is 
especially  true  when  dealing  with  the  accessory  chromosomes. 
Their  whole  history  can  be  made  out  clearly  in  iron-haematoxylin 
preparations  but  when  Hermann's  triple  stain  is  used,  their  affinity 
for  the  safranin  at  dmes  when  the  ordinary  chromosomes  or  the 
chromatin  granules  take  the  violet,  makes  them  stand  out  in  a 
striking  manner. 

Observations. 

Spermatogonia. 

In  young  spiders,  early  in  the  summer,  the  testes  are  wholly 
made  up  of  spermatogonia  and,  unlike  most  forms,  these  cells  in 
mitosis  are  almost  equal  in  size  to  the  spermatocytes  of  the  growth 
perìod.  In  the  metaphase  the  rod-shaped  chromosomes  are  so 
numerous,  probably  fifly  or  more,  and  so  closely  packed  together, 
that  in  polar  views  it  is  impossible  to  make  even  an  approxi- 
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mately  accurate  count  of  thetn  (Figs.  i  and  2).  It  was  also  not 
found  possible  toidentifyat  this  stage  the  accessory  eh romosomes 
among  the  other  rod-shaped  chromosomés.  The  centrosomes 
are  quite  distinct  and  the  spindle  fìbers  have  a  tendency  to  bulge 
out,  forming  a  spindle  with  convex  sides.  This  is  probably  owing 
to  the  large  size  of  the  chromosomés  and  to  the  large  numbcr 
of  fibers  which  must  be  accommodated  between  the  centrosomes 
and  the  equatorial  piate.  In  division  the  rods  split  longitudinally 
and  the  resultant  halves  move  toward  the  opposite  poles.  In 
anaphase  two  pairs  of  daughter  chromosomés  appear  distinct  from 
the  others  both  on  account  of  their  large  size  and  because  they 
are  slower  in  passing  to  the  poles  (Figs.  3  and  4).  While  this 
might  well  be  looked  upon  as  simply  a  case  of  retarded  division, 
in  the  light  of  what  follows  it  seems  probable  that  they  are  the 
accessory  chromosomés  which  have  the  form  of  a  pair  of  rods 
throughout  the  greater  part  of  their  subsequent  history.  In 
telophase  the  ordinary  chromosomés  gradually  become  granular 
but  their  identity  is  stili  traceable  in  the  loose,  irregular  masses 
scattered  through  the  nuclear  cavity.  These  masses  stain  but 
faintly,  and  in  iron-haematoxylin  preparations,  when  the  extrac- 
tion  of  the  dye  has  not  been  carried  further  than  usuai,  they  are 
nearly  colorless.  The  accessory  chromosomés,  on  the  other 
hand,  retain  the  rod-like  form  and  lie  near  the  periphery  of  the 
nucleus. 

Spermatocytes, 
In  Fig.  5  fs  shown  the  early  prophase  of  the  primary  sperma- 
tocyte  in  which  the  chromatin  masses  are  becoming  looser,  more 
granular,  until  finally  the  processes  of  adjacent  ones  meet  on  the 
threads  of  the  linin  reticulum.  The  nucleus  swells  with  the 
accumulation  of  nuclear  sap  and  at  the  same  time  the  cytoplasm 
is  reduced  to  a  rather  thin  layer  around  the  swollen  nucleus. 
The  accessory  chromosomés  lose  their  rod-like  form  and  appear 
as  two  densely  staining,  chromatin  nucleoli  often  lying  at  some 
distance  apart  (Fig.  6).  Later  these  two  chromatin  nucleoli 
approach  one  another  and  finally  unite  to  form  a  single,  large, 
irregular  mass  which  is  a  conspicuous  body  in  the  resting  stage 
(Fig.  7).  This  is  followed  by  the  contraction  stage  when  the 
whole  celi  is  noticeably  reduced  in  size  and  the  nuclear  contents 
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are  contraeteci  away  from  the  membrane.  At  this  time  the 
nucleus  stains  so  deeply  that  only  after  long  extraction  can  any- 
thing  be  learned  of  its  structure  and  even  then  one  can  merely 
say  that  the  chromatin  appears  to  be  in  the  form  of  a  dense 
reticulum.  It  is  apparently  at  this  stage  that  synapsis  occurs, 
reducing  the  number  of  chromosomes  to  half  the  spermatogonial 
number.  The  large,  chromatin  nucleolus  of  the  resting  stage 
has  again  resolved  itself  into  two  peripherally  placed  rods  shown 
in  longitudlnal  and  cross  sections  (Figs.  8  and  9).  At  the  dose 
of  the  contraction  stage  the  growth  period  is  introduced  by  an 
evident  increase  in  the  size  of  the  celi  and  the  nucleus.  As  the 
nuclear  elements  become  spread  out  in  the  enlarging  cavity  it  is 
comparatively  easy  to  see  in  what  condition  they  are.  The 
chromatin  is  now  in  the  form  of  irregular  granules  distrìbuted 
along  the  delicate  loops  of  the  spireme.  The  loops  are  long 
and  often  twisted  or  bent,  so  that  their  number  was  not  de- 
termined  nor  coùld  I  ascertain  whether  or  not  the  spireme 
is  continuous  but  taking  what  evidence  one  can  gather  from 
this  stage,  together  with  a  study  of  a  slightly  later  stage,  it 
seems  probable  that  the  loops  are  distinct  from  each  other  and 
that  the  segments  of  ^he  spireme  are  in  the  reduced  number 
(Figs.  IO  and  11).  Later  the  nucleus  enlarges  stili  more,  allow- 
ing  the  loops  to  stretch  out  fully  and  it  is  now  clear  that  the 
spireme  is  segmented,  the  free  ends  of  the  loops  ali  being  directed 
toward  one  side  of  the  nucleus  (Fig.  1 2).  The  linin  thread  is 
delicate,  at  first,  and  the  chromomeres  undivided,  but  later  a  split 
runs  throughout  the  length  of  each  loop,  dividing  the  chromo- 
meres equally .  Sometimes  the  latter  appear  as  large  after  the  split- 
ting  as  before  but  this  is  readily  explained  when  one  considers 
that  meanwhile  the  loops  bave  shortened  and  so  bave  crowded 
the  chromomeres  into  larger  groups.  At  first  glance  the  acces- 
sory  chromosomes,  on  account  of  their  great  staining  capacity, 
appear  to  bave  maintained  their  peripheral  position  but  careful 
focusing  reveals  the  fact  that  they  are  now  completely  sur- 
rounded  by  the  spireme  loops  (Fig.  1 3).  A  cross-section  of  the 
same  stage  is  shown  in  Fig.  14.  Although  the  accessory  chro- 
mosomes bave  moved  to  a  more  centrai  position  in  the  nuclear 
oavity,  their  outer  ends  are  stili    near  the  membrane  and  are 
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always  directed  toward  that  part  of  the  celi  which  contains  the 
greatest  amount  of  cytoplasm  and  in  which  the  centrosome  lies. 
This  pole  has  bcen  called  by  Montgomery  the  distai  pole.  The 
closed  ends  of  the  spireme  loops  are  directed  toward  the  opposite 
or  centrai  pole.  The  same  relative  position  of  the  loops,  the 
accessory  chromosomes  and  the  centrosome  is  retained  through- 
out  the  growth  period  and  gives  strìking  evìdence  of  celi  polarìty. 
At  a  slightly  later  stage  the  accessory  chromosomes  seem  to  be 
simulating  the  structure  of  the  spireme  to  a  limited  degree. 
They  temporarily  lose  their  compact  form,  become  distinctly 
granular  and  extend  in  length  over  about  two  thirds  of  the 
diameter  of  the  nucleus  (Fig.  15).  Gradually  they  shorten 
again  and  conjugate  side  by  side,  the  union  usually  first  taking 
place  at  the  end  directed  toward  the  centrai  pole  and  progressing 
toward  the  distai  pole  (Fig.  16).  Cases  are  found  in  which  the 
union  begins  simultaneously  at  the  two  extremities,  giving  a 
ring-like  form.  After  the  union  is  completed  they  appear  as  a 
single  mass  when  viewed  either  in  longitudinal  or  cross  section 
(Figs.  17  and  18).  Whether  in  this  conjugation  a  complete 
fusion  of  the  two  elements  occurs  or  whether  it  is  merely  a  dose 
approximation,  I  am  unable  to  say,  but  soon  the  single  mass  is 
again  split  into  the  two  characterìstic  rods. 

When  the  longitudinal  split  in  the  spireme  has  reached  its 
widest  extent,  some  of  the  loops  stili  extend  nearly  across  the 
nuclear  cavity  but  later  they  begin  to  draw  down  toward  the 
distai  pole.  As  the  shortening  continues,  the  longitudinal  split 
becomes  less  and  less  evident  but  indications  of  it  can  be  detected 
at  a  late  stage.  Judging  also  from  the  subsequent  history  I  believe 
that  the  split  persists,  being  merely  lost  sight  of  in  the  dose 
approximation  of  the  two  moieties  during  the  process  of  contrac- 
tion (Figs.  19-21).  In  the  late  prophase,  the  loops  of  the  spireme 
not  only  shorten  but  bend  to  an  acute  angle  to  form  V-shaped 
chromosomes  which  then  open  out  into  doublé  V's  (Fig.  22). 
The  chromatin  of  these  is  in  a  more  or  less  granular  condition 
and  leaving  their  former  position  at  the  distai  pole  they  are  dis- 
tributed  through  the  nuclear  cavity.  The  rod-like  accessory 
chromosomes  remain  unchanged  both  in  form  and  in  position. 
Soon  the  nuclear  membrane  disappears,  the  ordinary  chromo* 
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somes,  having  reached  their  definitive  form,  becotne  more  com- 
pact and  densely  staining  and  spindle  fibers  appear  (Fig.  23).  In 
metaphase  ali  of  the  doublé  V*s  are  drawn  into  the  equatorìal 
piate  and  the  piane  of  division  passes  through  the  center  of  each^ 
giving  rise  to  single  V's  which  are  carried  to  the  opposite  poles. 
The  accessory  chromosomes  lie  at  the  periphery  of  the  equatorial 
piate  and  are  connected  by  spindle  fibers  to  onc  pole  only,  a 
single  fiber  passing  from  the  centrosome  to  each  of  the  two  rods. 
In  the  succeeding  division  they  pass  into  but  one  of  the  twó 
daughter  cells,  so  that  we  find  half  of  the  secondary  spermato- 
cytes  with  accessory  chromosomes  and  half  without  them  (Figs. 
24-26).  Those  containing  the  accessory  chromosomes  might 
be  called  "  favored  cells  "  (*•  bevorzugten  zellen  '*)  as  suggested 
by  Henking.  In  polar  views  of  the  telophase  several  sections 
were  found  in  which  each  of  the  two  accessory  chromosomes 
showed  a  distinct  longitudinal  split  —  a  precocious  splìtting 
which  is  of  interest  as  foreshadowing  the  division  which  occurs 
in  the  following  mitosis  (Fig.  27). 

While  the  arms  of  the  V-shaped  chromosomes  are  elongating 
and  becoming  sinuous  or  twisted  in  outline,  a  conspicuous  celi- 
piate  forms  and  the  constriction  of  the  celi  body  grows  deeper 
(Fig.  28).  Since  the  chromosomes  are  long  and  twisted  at  this 
stage  it  is  plain  that  even  in  fairly  thin  sections  there  might  occur 
more  than  one  section  of  a  single  chromosome  and  therefore  little 
dependence  could  be  placed  upon  the  number  counted  in  succes- 
sive sections  of  the  same  nucleus.  Figures  29  and  30  show  the 
next  stage  with  the  accessory  chromosomes  in  longitudinal  and 
cross  section  respectively.  The  nuclear  membrane  has  formed^ 
the  chromosomes  are  resolved  into  granules  distributed  on  the 
nuclear  reticulum  and  complete  division  of  the  celi  body  gives  rise 
to  two  daughter  cells,  the  secondary  spermatoc)rtes.  Even  at  a 
very  late  stage  of  this  process  remains  of  the  interzonal  fibers,. 
with  the  cell-plate,  are  conspicuous.  In  the  late  prophase  of  the 
secondary  spermatocytes  there  arises  from  the  preceding  resting- 
stage  a  number  of  slender,  twisted  chromosomes  closely  resem- 
bling  those  which  entered  the  resting  stage  and  not  infrequently 
the  accessory  chromosomes  show  a  precocious,  longitudinal  split 
(Fig.   31).     As  the  ordinary  chromosomes  are  drawn  into  the 
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equatorìal  piate  prìor  to  the  second  maturatìon  division,  their 
V-shape  becomes  evident.  The  apex  of  the  V  is  the  point  of 
attachment  of  the  spindle  fibers,  and  the  free,  sinuous  arms  ex- 
tend  in  various  directions  away  from  the  spindle .  axis,  giving  a 
bushy  appearance  to  the  mitotic  figure  (Fig.  32). 

On  account  of  this  arrangement  of  the  ordinary  chromosomes 
it  is  now  extremely  difficult  to  identify  the  accessory  chromo- 
somes. Also  the  fact  that  they  are  present  in  only  half  of  the 
secondary  spermatocytes  lessens  the  chances  of  finding  sections 
cut  in  a  favorable  piane  for  their  identifìcation.  In  spite  of  these 
disadvantages  they  can  in  some  cases  be  clearly  seen  at  the 
equator  of  the  spindle  where  they  He  near  together  and  at  right 
angles  to  the  spindle  axis.  Sometimes  indications  of  the  longi- 
tudinal  split  can  be  detected  (Fig.  33). 

The  arms  of  the  V-shaped  chromosomes  shorten  and  thicken 
while  they  also  become  straight  and  densely  staining.  The  piane 
of  division  passes  through  the  apex  of  the  V*s  and  the  rod-like 
arms  move  to  the  opposite  poles.  The  accessory  chromosomes 
divide  along  the  line  of  the  longitudinal  split  and  their  resultant 
halves  pass  to  the  opposite  poles  a  little  more  slowly  than  the 
ordinary  chromosomes,  They  are  also  distinguishable  by  their 
larger  size.  It  is  now  apparent  that  one  half  of  the  spermatids 
will  be  "  favored  cells,"  containing  two  accessory  chromosomes, 
while  the  other  half  will  not  be  favored  (Figs.  34-39).  In  polar 
views  of  the  anaphase  attempts  were  made  to  determine  the 
chromosomal  number  but  after  the  utmost  care  I  can  give  only 
the  probable  number.  In  the  majority  of  cases  twenty-five 
chromosomes  were  counted  (Fig.  37),  and  their  straight,  rod-like 
form  makes  it  improbable  that  any  of  them  were  counted  twice. 
Occasionally  twenty-four,  twenty-six  or  twenty-seven  were 
counted,  ali  of  them  appearing  to  be  ordinary  chromosomes.  It 
seems  now  as  if  the  reduced  number  must  be  at  least  twenty-five, 
instead  of  nineteen  as  given  in  my  previous  paper.  In  telophase, 
before  the  nuclear  membrane  forms,  the  ordinary  chromosomes 
again  become  slightly  sinuous  in  outline.  The  daughter  cells 
must  often  move  through  a  considerable  are  in  the  process  of 
separating,  as  sections  are  found  showing  two  cells  not  yet  com- 
pletely  seperated  and  at  the  same  time  showing  approximately 


Digitized  by 


Google 


THE   SPERMATOGENESIS   OF   AGALENA    NìEVIA.  I29 

polar  views  of  their  respective  chromosomes  ali  in  one  piane. 
•  The  accessory  chromosomes  appear  thick  and  heavy  at  this  stage 
(Figs.  40  and  41).  Later  the  ordinary  chromosomes  are  lost  to 
view  in  the  chromatin  retìculum  and  give  rise  to  the  resting 
nuclei  of  the  spermatids. 

Tramfortnation  of  the  Spermatids. 

One  marked  characteristic  of  the  spermatids  is  that  complete 
separation  of  si'ster  cells  is  long  deferred  and  in  the  early  stages 
the  cell-plate  and  interzonal  fibers  are  conspicuous  in  the  cyto- 
plasmic  neck  connecting  the  two  cells  (Figs.  42  and  43).  Near 
the  celi  periphery  lies  the  centrosome  from  which  an  extracellu- 
lar  axial  fìlament  has  grown  out  and  this  fìlament  bears  at  the 
center  and  at  the  tip  a  transparent  vesicle  which  stains  deeply  in 
iron-haematoxylin.  The  accessory  chromosomes  always  He  near 
the  distai  pole  of  the  nucleus  with  their  outer  ends  turned  to- 
ward  the  centrosome,  so  that  here  again  we  have  the  cell-polarity 
as  beautifully  shown  as  it  is  in  the  spireme  stage.  This  ability 
to  orient  the  celi  brings  to  light  the  fact,  already  referred  to, 
that  sister  spermatids  must  often  undergo  considerable  rotation 
when  they  are  drawing  apart.  In  Figs.  44  and  45  the  inter- 
zonal fibers  have  apparently  disappeared  but  in  ali  probability 
they  give  rise  to  the  idiozome  as  claimed  by  Bósenberg  ('05).  At 
the  center  of  the  cytoplasmic  neck  connecting  sister  spermatids 
there  is  frequently  a  more  or  less  evident  enlargement  which  is 
of  sufficiently  general  occurrence  to  deserve  mention  and  in  its 
center  one  finds  the  persistent  mid-body  (Zwischenkórper)  even 
at  a  late  stage  (Figs.  46-51).  Thisenlarged  portion  of  the  neck 
was  called  by  Wagner  the  "  connecting-body." 

The  nucleus  now  takes  a  form  which  bears  a  strong  resem- 
blance  to  the  contraction  phase  of  the  growth  period  and  were 
it  not  that  it  is  of  general  occurrence  in  beautifully  fixed  material, 
it  might  be  thought  due  to  the  harmful  action  of  the  fixing  fluid. 
The  chromatin  reticulum  contracts  toward  the  distai  pole  of  the 
nucleus  into  a  mass  which  stains  intensely,  while  the  greater  part 
of  the  nuclear  cavity  is  left  empty  or  is  filled  with  nuclear  sap. 
The  accessory  chromosomes  lie  in  a  distinct  vesicle  or  at  least  in 
a  clear  space  which  gives  them  prominence  and  although  they 
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are  closely  pressed  together  the  doublé  nature  of  this  nucleolus- 
like  mass  is  easily  demonstrated  after  long  extraction  in  iron- 
alum  (Figs.  46  and  47).  As  to  what  happens  during  this  proc- 
ess  of  contraction  I  am  wholly  in  the  dark  but  later  the  nuclear 
cavity  is  fully  occupied  by  a  delicate  reticulum  upon  which  the 
chromatin  granules  are  distributed  in  such  a  finely  divided  con- 
dition  that  they  show  very  slight  affinity  for  staining  reagents 
{Fig.  48).  The  centrosome  has  divided  into  a  proximal  and  dis- 
tai portion  and  the  proximal  centrosome  has  moved  some  dis- 
tance  over  the  nucleus  or  has  possibly  entered  into  its  interior. 
During  its  passage  it  gives  rise  to  an  intra-cellular  fìlament  which 
connects  the  proximal  and  distai  centrosomes.  The  extra- 
cellular  axial  fìlament  is  now  larger  and  its  vesicles  have  in- 
creased  noticeably  in  size.  The  accessory  chromosomes  are  no 
longer  inclosed  in  a  vesicle  but  unite  side  by  side  into  a  single, 
elongated  rod  which  leaves  its  former  position  at  the  distai  pole 
and  travels  to  the  centrai  pole  in  a  line  nearly  or  quite  parallel 
with  the  cell-axis  (Fig.  49).  Following  this  stage  the  nucleus 
ghanges  in  outline,  becoming  somewhat  pear-shaped  and  the 
proximal  centrosome,  which  has  become  large  and  irregular  in 
form,  has  passed  over  about  one  half  of  the  length  of  the 
nucleus.  The  chromatin  shows  a  tendency  to  coUect  at  one 
side  of  the  nucleus  to  form  the  chromatin  piate.  In  half  of  the 
spermatids  the  fused  or  nearly  fused  accessory  chromosomes 
occupy  the  center  of  the  chromatin  piate,  extending  from  the 
centrai  to  the  distai  pole  of  the  nucleus,  or,  in  other  words, 
from  the  anterior  to  the  posterior  end  of  the  rapidly  forming 
spermatozoón  head  (Figs.  50  and  51).  The  chromatin  piate  in- 
creases  in  size  until  ali  of  the  chromatin  reticulum  is  involved  ; 
the  whole  nucleus  becomes  much  longer  than  broad  with  the 
extremities  slightly  curved.  The  sister  spermatids  now  separate 
completely,  the  rupture  occurring  on  each  side  of  the  "  connect- 
ing-body**  when  it  is  present.  Figure  53  shows  a  somewhat 
later  stage  where  the  transformation  is  complete.  The  pear- 
shaped  nucleus  of  the  spermatid  has  been  transformed  into  the 
crescent-shaped  head  of  the  spermatozoón  and  the  chromatin  is 
so  compact  that  the  whole  head  has  a  dark,  grayish  hue  after 
long   extraction   in   iron-alum.     Even   at   this    late   stage   the 
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dimorphism  of  the  spermatozoa  is  not  concealed,  for  in  half  of 
them  can  be  seen  a  slender,  darkly  stained  band  extending  along 
the  middle  of  the  convex  surface  of  the  head,  from  the  anterior 
to  the  posterior  end,  although  it  fades  out  often  near  the  hinder 
extremity.  This  chromatic  band  represents  the  fused  and  some- 
what  modified  accessory  chromosomes  whose  distribution  to  but 
one  half  of  the  spermatozoa  dividesthem  into  twodistinctgroups 
(Figs.  53  and  54). 

In  the  mature  spermatozoón  the  distai  centrosome  is  no  more 
in  evidence,  the  axial  fìlament  has  increased  in  length  and  its 
vesicles  have  disappeared.  Whether  or  not  the  vesicles  con- 
trìbute  their  substance  to  the  axial  fìlament  as  it  grows  in  length 
and  whether  or  not  the  latter  is  supplied  with  a  cytoplasmic  in- 
vestment, I  am  unable  to  say.  The  proximal  centrosome  forms 
a  slight  projection  on  the  lower  side  of  the  head  and  probably 
corresponds  to  the  end-knob  of  other  forms.  Wagner  described 
it  as  a  "  little  tooth  "  which  lies  at  the  point  where  the  axial  fìla- 
ment joins  the  chromatin  piate  and  Bósenberg  regards  it  as  the 
middle  piece,  or  rather  as  the  **  connecting  piece,"  the  former 
term  not  being  applicable  in  the  case  of  the  spider  spermatozoón. 
At  the  anterior  end  of  the  head  is  a  transparent,  apparently 
cylindrìcal  body  which  in  Lycosa,  according  to  Bósenberg,  is 
derìved  from  the  idiozome  vesicle.  Forming  an  axis  in  this  apical 
body  is  a  distinct  fiber  or  fìlament  which  projects  beyond  the 
apical  body  and  bears  a  deeply  staining  granule  at  its  extremity. 
I  cannot  state  positively  the  origin  of  the  apical  granule  or  of  the 
fìlament  which  bears  it  but  in  some  preparations,  after  long  ex- 
traction,  there  is  seen  what  appears  to  be  a  delicate  fìlament 
passing  from  the  end-knob,  through  the  anterior  portion  of  the 
head,  and  becoming  continuous  with  the  fìlament  in  the  apical 
body.  The  distinctness  of  the  fìlament  within  the  head  is  exag- 
gerated  in  the  fìgures. 

The  spermatozoón  now  works  itself  free  from  the  cell-body, 
the  anterior  end  of  the  head  protruding  fìrst.  The  escape  is 
probably  effected  by  the  contractions  of  the  head  itself.  Even 
after  the  posterior  end  of  the  head  has  entirely  lost  its  connection 
with  the  cell-body,  the  spermatozoón  is  not  yet  ready  to  pass  into 
the  lumen  of  the  testis  (Fig.    55).     First  there  occurs  a  very 
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pcrceptìble  decrease  in  size  through  a  closer  and  closer  crowding 
of  the  chromatìn  granules  which  compose  the  head  and  through 
contraction  of  the  nuclear  membrane  which  incloses  them.  As 
the  contraction  progresses  the  staining  capacity  diminishes,  in 
iron-hxmatoxyh'n  preparations,  and  the  spermatozoón  head  has 
a  solid,  grayish  appearance.  The  accessory  chromosomes,  how- 
ever,  can  stili  be  recognized  in  the  purplish  band  on  the  convex 
side  of  the  head.  In  the  second  place,  when  reduction  in  size  is 
at  an  end,  the  interesting  process  of  rolling  or  coiling  begins. 
The  anterìor  and  posterìor  ends  of  the  head  bend  toward  one 
another  until  they  overlap  to  form  a  ring-like  or  disk-like  body 
which  well  conceals  the  actual  structure  (Fig.  56).  Durìng  the 
rolling  up  process  Wagner  believed  that  the  tail  coiled  itself  into 
a  little,  matted  dump  near  the  "tooth"  (end-knob)  and  was 
therefore  finally  inclosed  at  the  center  of  the  ring  when  the  roll- 
ing of  the  heac^  was  completed.  Bósenberg,  on  the  other  band, 
thinks  that  by  careful  focusing  he  can  detect  the  tail  wrapped 
around  the  outer  circumference  of  the  ring.  My  own  observa- 
tions  lead  me  to  agree  with  Wagner  on  this  point  for  in  partially 
coiled  spermatozoa  I  bave  seen  an  extremely  small,  darkly 
stained  mass  which  apparently  depends  from  the  end-knob  and  I 
bave  seen  no  evidence  of  a  tail  wrapped  around  the  outer  cir- 
cumference. Since  both  Wagner's  work  and  my  own  has  been 
done  chiefly  on  Agalena  and  Bósenberg's  descriptions  mainly 
refer  to  Lycosa,  it  is  quite  possible  that  both  opinions  are  correct 
and  that  the  method  of  disposing  of  the  tail  differs  in  the  two 
genera.  When  ali  of  the  spermatozoa  in  a  given  cyst  bave 
almost  or  altogether  completed  the  process  of  coiling,  the  cyst- 
wall  ruptures  and  allows  them  to  escape  into  the  lumen  of  the 
testis  and  later  into  the  sperm  ducts.  Even  after  they  bave  been 
stored  in  the  pedipalps  they  remain  coiled  but  can  be  forced  to 
uncoil  if  spread  on  a  glass  slide  and  heated  to  the  boiling  point. 
If  the  spermatozoa  in  the  proximal  portion  of  the  ducts  be 
compared  with  those  which  bave  passed  into  the  more  distai 
portions,  or  with  those  in  the  pedipalps,  there  will  be  noticed  a 
marked  difference  in  their  appearance.  Instead  of  retaining  the 
ring-like  form,  they  become  decidedly  longer  than  broad  and  in 
fixed  material  the  chromatin  shows  a  tendency  to  shrink  away 
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frofift  the  Ottter  wall  leaving  a  clear  area  between  it  and  the  chro- 
matin  mass.  Wagner  described  the  final  form  of  the  spermato- 
zoón  as  bdng  rod-Iike  and  was  crìticized  in  this  by  Bòsenberg 
who  suggested  that  he  was  misled  by  seeing  cross- sections  of  the 
disk-like  sperm.  This  cannot  possibly  be  the  explanation  for 
net  only  are  ali  of  the  spermatozoa  in  the  distai  portion  of  the 
ducts  and  in  the  pedipalps  in  this  elongated  form  but  they  are 
larger  than  when  in  the  proximal  portion  of  the  ducts  or  in  the 
lumen.  This  fact  precludes  the  possibility  of  their  being  cross- 
sections  (Fig.  59).  Although  they  remain  coiled  they  seem  to 
lose  the  compact  structure,  which  they  assume  before  leaving  the 
cysts,  and  regain  their  originai  size.  This  reéxpansion  of  the 
heads  seem  so  improbable  that  I  was  only  convinced  of  its  truth 
after  making  numerous  camera  lucida  drawings  with  utmost  care. 
The  difference  in  size  and  form  can  be  seen  at  a  glance  by  com- 
paring  Figs.  56  and  59  which  were  drawn  with  the  same  magni- 
fication.  In  ali  probability  the  spermatozoa  first  uncoil  after  they 
are  passed  through  the  slender  ducts  of  the  receptaculum  sem- 
inis  into  the  oviduct  of  the  female  spider. 

When  one  considers  that  the  tail  is  attached  to  the  lower,  an- 
terior  margin  of  the  relatively  heavy,  crescent-shaped  head,  it  is 
difficult  to  see  how  its  lashing  movements  would  propel  the  head 
in  a  straightforward  direction.  Bòsenberg  has  made  considerable 
study  of  the  movements  of  spider  spermatozoa  and  he  holds  that 
the  chief  propelling  power  is  found  in  the  twisting  and  bending 
motions  of  the  head  itself  while  the  tail,  by  its  lashing  move- 
ments, may  act  as  a  steerìng-organ. 

Sequence  of  Divisions, 
In  the  maturation  of  the  male  germ  cells  it  is  generally  con- 
ceded  that  two  kinds  of  division  occur  —  a  reductional  and  an 
equational  one —  but  in  regard  to  their  sequence  there  has  been 
much  difference  of  opinion.  At  a  time  when  the  majority  favored 
the  view  that  the  equational  division  occurs  first,  Montgomery 
('04,  '05)  maintained  that  the  first  di  vision  is  reductional  a&d  he 
strongly  emphasized  the  importance  of  determining  the  origin  of 
the  chromosomes  in  synapsis  as  their  mere  form  in  post-synapsis 
stages   is  often  misleading.      To-day  perhaps   the  majority  of 
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workers  can  be  said  to  favor  Montgomery's  view  that  the  primary 
spermatocytic  division  results  in  a  separation  of  maternal  and 
paternal  chromosomes  which  bave  conjugated  in  the  synapsis 
stage.  In  my  previous  work  I  pointed  out  that  Agalena  offers 
especially  favorable  material  for  the.  investigation  of  this  point 
and  also  that  my  results  led  to  a  full  endorsement  of  Mont- 
gomery's  interpretation.  .  Further  study  has  convinced  me  that 
in  ali  probability  that  view  is  the  correct  one.  Every  one  who 
has  tried  to  foUow  the  behavior  of  chromosomes  during  synapsis 
knows  the  difiRculties  in  the  way  of  reaching  any  certainty  about 
the  matter.  What  we  do  know  is  that,  as  a  rule,  before  synapsis 
we  find  a  certain  number  of  chromosomes  present  and  after  syn- 
apsis we  find  but  half  that  number.  Many  facts  can  be  advanced 
in  support  of  the  theory  of  the  conjugation  of  maternal  and 
paternal  chromosomes  resulting  in  numerical  reduction  and  if 
such  a  pairing  of  these  nuclear  elements  does  occur  it  may  be 
brought  about  either  by  an  end  to  end  union  of  homologous 
chromosomes  or  by  a  union  side  by  side.  It  is  clearly  of  utmost 
importance  to  determine  which  method  of  union  obtains  before 
endeavoring  to  interpret  what  follows. 

In  Agalena,  in  the  early  prophase  of  the  primary  spermatocytes, 
the  nucleus  becomes  contracted  and  its  structure  cannot  be  fully 
made  out,  but  the  chromatin  seems  to  be  in  the  form  of  a  dense 
reticulum.  At  this  time  I  believe  the  synapsis  to  occur  both 
because  there  is  no  later  stage  in  which  there  is  any  sign  of  its 
occurrence  and  also  because  the  delicate  spireme  loops  which 
issue  from  this  stage  appear  to  be  in  the  reduced  number. 
Strong  evidence  against  the  view  that  a  side  to  side  pairing  of 
the  chromosomes  occurs  is  the  fact  that  thè  spireme  at  first  shows 
no  trace  of  a  split,  then  a  barely  perceptible  one  and  finally  quite 
a  wide  one  running  the  whole  length  of  each  loop.  The  space 
intervening  between  two  threads,  therefore,  must  represent  a 
longitudinal  split  and  not  the  space  between  two  threads  about 
to  unite  side  by  side. 

As  evidence  in  support  of  the  view  thàtthe  chromosomes  unite 
end  to  end,  I  would  cali  attention  to  the  noticeably  denser  struc- 
ture of  the  chromatin  at  the  bend  of  the  loops  which  is  quite 
marked  in  some  stages,  the  chromomeres  appearing  to  be  massed 
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together  at  this  point.  In  iron-haematoxylin  preparations  the 
bend  of  the  loops  takes  a  deeper  stain  than  the  other  portions 
do,  while  in  safranin  and  gentian  violet  preparations  the  chromo- 
meres  at  the  bend  of  the  loops  take  the  safranin  and  the  arms  of 
the  loops  stain  violet.  Since  condensed  chromatin  always  does 
take  the  safranin,  this  differential  staining  may  indicate  nierely  a 
compact  structure  due  to  the  mechanical  bending  of  the  loop  but 
it  may  also  indicate  the  junction  of  homologous  chromosomes. 
In  the  light  of  the  above  facts,  I  consider  it  highly  probable, 
therefore,  that  the  split  in  the  spireme  represents  a  precocious 
longitudinal  division  which  is  more  or  less  visible  throughout  the 
prophase  of  the  first  maturation  division. 

The  succeeding  steps  are  as  follows  :  The  longitudinally  split 
loops  become  shorter  and  consequently  thicker,  drawing  down 
tovvard  the  distai  pole.  The  bend  becomes  acute,  forming  V- 
shaped  chromosomes  which  split  from  apex  to  base  along  the 
line  of  the  originai  longitudinal  split  and  open  out  into  doublé 
V's.  At  this  point  the  chromosomes  can  be  easily  oriented  for 
the  split  extends  entirely  through  the  free  extremities  of  the  arms 
of  the  V  while  the  apices  show  the  compact  structure  character- 
istic  of  the  bend  of  the  spireme  loop.  When  they  bave  taken  up 
their  final  position  at  the  equator  of  the  spindle,  one  has  no 
trouble  in  determining  with  certainty  that  the  angles  which  cor- 
respond  to  the  bend  of  the  loop  Ile  in  the  piane  of  division,  while 
the  angles  corresponding  to  the  free  ends  of  the  loop  are  directed 
to  the  opposite  poles.  Stili  further  assurance,  if  needed,  is  gathered 
from  the  fact  that  sometimes  a  chromosome,  which  has  not  yet 
opened  out,  is  drawn  into  the  equator  of  the  spindle  and  there 
always  lies  with  its  apex  in  the  equatorial  piane  and  its  free  ends 
directed  toward  the  poles.  Later  this  single  V  opens  out  into  a 
doublé  V  preparatory  to  division.  The  first  division  then  takes 
place  through  what  corresponds  to  the  apex  of  the  originai  V- 
shaped  chromosome  and  if  this  represents  the  point  of  union 
between  the  homologous  elements,  the  first  divisioh  must  be 
reductionial.  ' 

In  the  V-shaped  chromosomes.  of  the  telophase,-  the  space  be- 
tween the  two  arms  corresponds  to  the  .split  which  first  appears 
precociously  in  the  spireme.     When,  in  the  succeeding  division. 
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the  two  arms  are  carrìed  to  opposite  poles  of  the  spinelle,  we 
plaìnly  have  a  longitudinal  or  equational  division.  It  is  also  of 
interest  here  that  in  this  mitosis  the  rod-like  accessory  chromo- 
somes  divide  equationally.  To  sum  up,  then,  the  first  matura- 
tion  division  occurs  at  a  point  corresponding  to  the  bend  of  the 
spireme  loop  and  is  a  reductional  one  ;  the  second  maturation 
division  passes  along  the  line  of  the  longitudinal  split  of  the 
spireme  loop  and  is  an  equational  one. 

Individuality  ofthe  Chromosomes. 
Every  living  organism,  whether  plant  or  animai,  single-celled 
or  many-celled,  is  regarded  as  an  individuai  notwithstanding  the 
fact  that  each  one  is  so  lacking  in  stability  that,  in  its  metabolic 
processes,  it  has  frequently  been  compared  to  a  whirlpool  into 
which  and  out  of  which  new  particles  are  constantly  streaming. 
Again,  in  the  ontogeny  of  a  Metazoan,  the  cells  of  which  it  is 
composed  and  the  cell-nuclei  are  supposed  to  be  continuous  from 
one  celi  generation  to  the  next.  When,  however,  we  come  down 
to  one  of  the  most  important  nuclear  elements  the  chromosome, 
there  has  been  much  difìference  of  opinion  in  regard  to  individu- 
ality, some  claiming  that  when  a  given  chromosome  disintegrates 
and  spreads  out  in  a  reticulum  in  the  resting  stage,  the  same 
chromosome  does  not  reappear  in  the  succeeding  mitosis  but  that 
the  chromosomes  are  formed  anew  each  time.  Ever  since  Rabl 
('85)  strongly  supported  by  Boveri  ('87,  '88)  and  Van  Beneden 
('83)  maintained  that  the  chromosomes  do  not  lose  their  individu- 
ality at  the  dose  of  division  but  persist  in  the  chromatic  reticulum 
of  the  resting  nucleus,  scores  of  workers  have  brought  forward 
evidence  either  for  or  against  this  theory.  In  a  recent  paper  by 
Foot  and  Strobell  ('07  (^))  we  read  as  foUows  :  If  we  mean  by 
**  Individuality  of  the  Chromosomes  "  merely  that  we  recognize 
certain  characteristics  of  size  and  form  in  some  of  the  chromatin 
units  called  chromosonies  and  that  there  is  a  frequent  re{>etition 
of  these  forms  durìng  different  stages  of  development,  then  we 
may  claim  that  the  chromosomes  of  Anasa  tristis  unqualifiedly 
support  the  theory  of  the  "  Individuality  of  the  Chromosomes." 
But  on  the  other  band,  if  by  **  Individuality  of  the  Chromosomes  '* 
we  claim  their  morphological  continuity,  that  several  or  even 
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only  one  of  the  chromosomes  can  be  followed  uninterruptedly 
from  the  spermatogonium  to  the  spermatid,  that  even  during  the 
growth  period  the  chromosome  form  is  maintained,  then  we  must 
say  that  in  our  preparations  Anasa  tristis  supports  in  a  very  re- 
stricted  sense,  if  at  ali,  the  theory  of  the  '*  Individuality  of  the 
Chromosomes." 

While  ali  agree  that  the  term  individuality  shouid  not  usually 
be  taken  in  its  narrowest  sense  in  reference  to  chromosomes,  the 
general  fact  that  the  same  number  of  chromosomes  issues  from  a 
reticulum  as  passes  into  it  and  that  they  bave  been  seen  to  re- 
appear  in  the  same  positions  within  the  nucleus,  added  to  strong 
evidence  found  in  studies  of  fertilization  of  the  egg  of  Ascaris  and 
other  formSj  seem  to  me  to  clearly  indicate  genetic  connection 
between  the  chromosomes  in  successive  cell-generations.  Even 
if  the  chromosomes  do  resolve  themselves  into  thcir  component 
granules  which  are  distributed  on  a  linin  reticulum,  it  is  not 
difficult  to  conceive  of  each  one  thus  spreading  out  along  definite 
lines,  its  ultimate  branches  temporarìly  anastomosing  with  those 
of  adjacent  ones,  as  a  method  of  interchange  of  material  or  as  a 
method  of  gaining  nutriment  for  each  granule  which  would  be 
much  less  easily  done  in  the  dense,  compact  form.  The  proba- 
bility  is  that  the  so-called  resting  stage  is  a  stage  in  which 
physiological  activity  of  the  chromosomes  is  at  its  height.  An 
Amceba,  whether  it  be  in  an  encysted  form  or  whether  it  be 
spread  out  into  a  protoplasmic  mass  of  extreme  delicacy,  with 
numerous  pseudopodia,  is  stili  an  individuai  Atnoeba. 

In  Agalena^  the  ordinary  chromosomes  offer  no  strong  evi- 
dence in  favor  of  chromosomal  continuity  although  the  loops  of 
the  spireme  differ  in  length  and  in  the  prophase  of  the  primary 
spermatocytes  some  of  the  V-shaped  chromosomes  differ  slightly 
in  size.  One  of  these  which  opens  at  a  much  wider  angle  than 
the  others  recurs  again  and  again,  and  is  probably  always  present 
at  this  stage.  When  we  turn  to  the  accessory  chromosomes,  on 
the  other  band,  we  find  that  they  stand  a  more  severe  test  than 
that  outlined  above  and  even  comply  with  the  demands  of  Foot 
and  Strobell  when  they  claim  that,  to  meet  the  requirements  for 
individuality,  several  or  only  one  of  the  chromosomes  shouid  be 
followed  uninterruptedly  from  the  spermatogonium  to  the  sper- 
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matid  and  that  even  during  the  growth  period  the  chromosome 
form  should  be  maintained.  Not  "  only  one  "  but  two  accessory 
chromosomes  described  in  this  paper  have  been  followed  without 
loss  of  identity  from  the  spermatogonium  through  the  growth 
stage,  prophase,  metaphase,  telophase  down  to  the  spermatid 
and  they  more  than  meet  the  above  requirements  in  that  they 
have  been  traced  to  their  final  posrtion  in  the  head  of  the  sper- 
matozoón.  The  fact  that  they  become  granular  and  partially 
disintegrate  for  a  short  time  in  the  growth  period  only  shows 
that  the  granules,  of  which  they  are  composed,  separate  from 
each  other  as  in  the  other  chromosomes  but  to  a  much  less 
degree  (Fig.  15).  There  is  every  probability  that  the  other 
chromosomes  have  genetic  continuity  just  as  truly  as  the  acces- 
sory chromosomes  have  it  but  at  certain  definite  periods,  possibly 
of  great  physiological  activity,  they  take  a  form  which  tempo- 
rarily  obscures  their  individuality. 

Degenerating  Cells, 
In  my  earliest  studies  upon  Agalena  I  noticed  many  cases  in 
which  the  mature  spermatozoa  seemed  to  be  escaping  from  their 
respective  cell-bodies  and  I  then  supposed  that  the  latter  couid 
take  no  part  in  the  formation  of  the  germ-cells,  but  that  they 
passed  with  them  into  the  ducts  and  served  as  nutriment.  Later, 
upon  examination  of  some  preparations  made  from  another 
spider,  Pholcus  phalangioides,  two  kinds  of  degenerating  cells 
were  found  in  the  lumen  of  the  testis,  one  kind  being  supplied 
with  brilliantly  stained  nuclei,  while  the  other  kind  appeared 
granular  and  non-nucleated.  These  two  kinds  of  cells  were 
looked  upon  as  early  and  late  stages  in  the  process  of  degenera- 
tion and  the  presence  of  chromatin  preduded  the  possibility  of 
their  having  originated  from  the  cell-bodies  discarded  by  the 
spermatozoa.  The  occurrence  of  spermatozoa  whoUy  or  partly 
free  from  their  celi  bodies  was  thus  explained  as  a  mechanical 
effect  of  sectioning  with  a  microtome  knife  as  it  seemed  likely 
that  compact,  resistant  bodies  like  the  sperm-cells  might  thus 
happen  to  be  dislodged  from  the  soft,  protoplasmic  mass  in  which 
they  lie.  Whence,  then,  carne  the  great  number  of  degenerating 
cells  in  the  lumen  of  the  testis  and  in  the  ducts  ?     An  answer  to 
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this  question  was  sought  in  the  unequal  distrìbution  of  the  ac- 
cessory  chromosomes.  They  were  found  to  take  no  part  in  the 
first  maturation  division  and,  while  their  further  history  was  ex- 
tremely  difficult  to  follo w,  I  gathered,  as.  I  then  believed,  some 
evidence  of  their  taking  no  part  in  the  second  maturation  division, 
and  therefore  of  their  final  distrìbution  to  but  one  fourth  of  the 
spermatozoa.  McClung's  theory  that  the  accessory  chromo- 
somes might  be  sex-determinants  was  then  held  to  be  untenable, 
so  far  as  it$  application  to  the  spider  was  concemed,  as  it  did  not 
seem  probable  that  one  sex  would  be  three  times  as  numerous  as 
the  other.  I  then  ventured  to  suggest  a  new  theory  viz.:  that 
only  the  one  fourth  of  the  spermatozoa  which  contain  the  acces- 
sory chromosomes — the  *'  favored  "  spermatozoa  —  become  func- 
tional  while  the  remaining  three  fourths  degenerate  after  almost 
or  altogether  reaching  maturìty.  There  were  a  priori  reasons  for 
believing  such  to  be  the  case  since,  if  true,  the  parallelism  be- 
tween  the  spermatogenesis  and  the  oògenesis  would  be  even  more 
complete  than  hitherto  supposed,  three  of  every  group  of  four 
daughter  cells  descended  from  a  single  spermatogonial  celi  being 
considered  as  homologues  of  the  polar  bodies  which  do  not  be- 
come functional.  I  also  suggested,  in  view  of  the  foreseen  diflS- 
culties  in  the  union  of  the  sex-cells,  that  in  the  maturation  of  the 
egg  the  accessory  chromosomes  might  be  thrown  off  in  the  polar 
bodies  and  thus,  at  time  of  fertilization  of  the  egg  the  normal 
chromosomal  number  would  be  restored.  This  second  suggestion 
was  overlooked  by  Boring  ('07)  in  her  criticism  that  if  only  the 
"  favored  "  spermatozoa  become  functional,  the  egg  must  neces- 
sarìly  contain  the  accessory  chromosomes  also  and  that  in  the 
nucleus  of  the  fertilized  egg  the  chromosomal  number  would 
exceed  the  normal  number  by  two.  Berry  ('06)  in  her  paper  on 
Epeira  states  that  certainly  in  none  of  her  preparations  does  she 
find  any  trace  of  degenerating  spermatozoa,  and  other  writers 
have  expressed  doubt  of  their  existence.  Now,  while  I  stili  find 
an  abundance  of  degenerating  cells  in  the  lumen  of  the  testis  and 
in  the  sperm  ducts,  my  recent  investigations  have  convinced  me 
of  the  error  of  my  former  results  in  regard  to  the  distrìbution  of 
the  accessory  chromosomes.  In  the  present  paper  I  think  it  is 
clearly  demonstrated  beyond  the  shadow  of  a  doubt  that  dimor- 
phism  of  spermatozoa  is  the  rule. 
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The  above-mentioned  facts  bave  necessitateci  a  careful  re- 
examination  of  the  whole  subject  of  degenerating  cells  in  the 
spider  testis  and  after  a  brief  rcview  of  the  work  of  other  writers, 
I  shall  give  tny  prescnt  interpretation  in  the  light  of  recent  study 
upon  this  point. 

Many  of  the  earlier  workers  upon  spider  spermatogenesis  bave 
observed  and  described  numerous,  granular,  protoplasmic  bodies 
in  the  lumen  of  the  testis,  in  the  sperm  ducts  and  pedipalps  and 
also  in  the  receptaculum  seminis  of  the  female  spider.  Most  of 
them  agree  that  these  granules  or  granular  masses  bave  a  nutri- 
tive function  but  they  account  for  their  origin  in  various  ways. 
In  Tegeneria^  Bertkau  (^TJ)  believed  that  they  arose  from  certain 
granular  cells  of  the  testis  and  sperm-ducts.  Schimkewitch  ('84) 
describes  two  kinds  of  cells  in  the  testis  of  Epeira,  Those  at  the 
postcrior  end,  according  to  him,  develop  into  spermatozoa. 
Those  at  the  anterior  end  and  also  cells  of  the  sperm  ducts  give 
rìse  to  roundish  or  ovai  granules.  In  Lycosa,  Birula  ('94)  found 
granular  masses  which  were  derìved  from  the  fragmentation  of 
some  of  the  foUicle  cells.  On  the  other  band,  Balbiani  ('97) 
arrìved  at  the  conclusion  that  the  spider  testis  is  supplied  with 
gland  cells  which  pour  out  a  secretion  in  the  form  of  little 
granules.  Wagner  ('96^)  maintained  that  the  remains  of  the 
spindle  iibers  and  Zwischenkòrper  fragment  to  form  the  "  granules 
séminaux."  Later  appeared  Bósenberg's  paper  ('05)  in  which  I 
find  statements  which  exactly  accord  with  my  earliest  conci  usions 
that  the  ripe  sperm-cell  works  its  way  out  of  the  cell-body  and 
that  the  latter  is  left  to  degenerate. 

**  In  der  letzten  Phasen  der  Umformung  der  Spermatiden  in 
das  Spermatozoón  wies  ich  nach,  dass  der  Kopf  des  Spermato- 
zoòns  mit  dem  Schwanz  das  Cytoplasma  verlàsst,  welches  dann 
in  Form  von  grossen,  runden  Ballen  im  Follikel  zurùckbleibt. 
Diese  Plasmakugeln  degenerieren  und  zerfallen  in  kleine,  runde 
Kórnchen."  Also,  according  to  this  author,  the  cells  of  the  cyst- 
walls  and  their  nuclei  degenerate,  the  fragments  of  which  pass 
into  the  lumen  of  the  testis  after  the  escape  of  the  spermatozoa 
from  the  cysts.  This  whole  mass  of  degenerating  cells  which 
completely  envelop  the  rolled  up  spermatozoa  in  the  ducts  and 
pedipalps,  Bósenberg  regards  as  a  possible  source  of  nutriment 
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for  the  sperm-cells  until  they  reach  the  ova  at  the  tìme  of  ferti- 
li zation. 

In  my  first  study  of  Pìwlcus  phalangiodcs^  already  referred  to, 
it  will  be  remembered  that  two  kinds  of  degenerating  cells  were 
found  in  the  lumen  of  the  testis,  half  containing  nuclei  and  half 
not.  I  have  now  found  that  these  bear  no  genetìc  relation  to 
each  other  but  arise  in  totally  different  ways.  Those  without 
nuclei  are  the  cytoplasmic  remains  discarded  by  the  spermatozoa 
and  which  accompany  the  latter  when  they  pass  into  the  lumen  of 
the  testis.  Those  containing  distinct  nuclei  originate  from  degen- 
erating spermatids,  many  cases  occurring  where  nearly  ali  or  quite 
ali  of  the  spermatids  in  a  cyst  are  in  advanced  stages  of  degenera- 
tion. The  cell-body  becomes  enlarged  and  vacuolated  and  the 
chromatin  forms  homogeneous-looking  masses  irregular  in  out- 
line  or  fragmented  (Fig.  60).  These  cells  greatly  decrease  in 
circumference,  the  chromatin  mass  becomes  spherìcal,  and  the 
celi  body  becomes  so  transparent  that  it  is  easy  to  overlook  it 
altogether.  They  vary  considerably  in  5ize,  even  after  they  have 
passed  into  the  lumen  of  the  testis  but  they  are  readily  distìn- 
guished  from  the  ripe  spermatozoa  and  the  granular  cytoplasmic 
bodies  among  which  they  He  (Fig.  61). 

In  Agalena,  although  in  the  breeding  season  the  sperm  ducts 
are  fairly  packed  with  nearly  colorless  cells  or  fragments  of  cells 
in  which  the  ripe  spermatozoa  He  embedded,  none  of  the  former 
appear  to  contain  chromatin,  or,  if  they  do,  it  is  so  finely  dis- 
tributed  that  it  stains  very  faintly.  Neither  in  this  spider  have  I 
found  cysts  full  of  degenerating  spermatids.  After  a  careful  study 
of  the  cysts  containing  nearly  mature  or  mature  spermatozoa,  I 
am  thoroughly  convinced  that  Bósenberg  is  correct  in  stating 
that  the  ripe  sperm-cells  wriggle  out  of  the  celi  body  and  further- 
more  he  claims  to  have  actually  witnessed  the  process  in  his  ex- 
amination  of  living  cells.  I  have,  in  fixed  material,  found  the 
sperm-cells  in  ali  stages  of  the  process  and  the  phenomenon  isof 
too  common  and  too  general  occurrence  to  be  accounted  for  by 
the  tearing  action  of  the  microtome-knife  in  sectioning.  After 
the  spermatozoa  have  wriggled  themselves  free,  they  remain  in 
the  cyst  for  some  time  before  the  rupture  of  its  walls  and  during 
this  time,   while  they  are    contracting   and    rolHng    up   into  a 
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disk-like  form,  described  before,  the  cell-bodies  from  which 
they  bave  escaped,  also  gradually  contract,  the  circumference 
becomes  greatly  reduced  and  the  density  of  the  cytoplasm  gives 
it  a  purplish  hue  in  iron-haematoxylin  (Fig.  58,  a-e).  When  the 
cyst-wall  ruptures,  these  granular  masses  pass  out  in  company 
with  the  ripe  spermatozoa  and  of  course  equal  them  in  number. 
The  cells  of  the  cyst-wall  also  break  up  and  their  fragments  pass 
into  the  lumen  of  the  testis.  Stili  another  contribution  to  the 
mass  of  degenerating  cells  comes  from  the  remains  of  the  "  con- 
necting  body  "  or  cytoplasmic  neck  which  for  a  time  unites  two 
sister  spermatids  and  which  contains  the  Zwischenkórper.  In 
spite  of  ali  these  sources  of  supply  enumerated  above,  a  difficulty 
stili  presents  itself  in  the  effort  to  explain  ali  of  the  degenerating 
cells  in  the  sperm  duct.  Even  when  we  grant  that  they  arise  in 
three  ways,  viz.:  from  the  cells  of  the  cyst-walls,  from  the  granu- 
lar, cytoplasmic  masses  discarded  by  the  spermatozoa  and  from 
the  connecting-bodies  and  their  contained  mid-bodies,  stili  the 
number  appears  to  be  too  enormous  to  be  wholly  accounted  for 
in  these  ways.  No  doubt  thereis  considerable  fragmentation  but 
the  size  of  the  majority  of  the  cytoplasmic  masses  is  at  least  equal 
to  the  size  of  the  contracted  masses  as  they  escape  from  the  cyst 
(compare  Figs.  56  and  59)  so  that  fragmentation  is  not  a  satis- 
factory  explanation,  especially  as  the  total  mass  of  them  far  ex- 
ceeds  the  total  mass  of  the  spermatozoa.  It  might  be  thought 
probable  that  the  spermatozoa  would  pass  through  the  ducts 
more  rapidly  than  the  degenerating  cells  and  so  leave  a  relatively 
large  number  of  them  behind,  but  it  is  difficult  to  see  how  this 
could  be  true  since  the  spermatozoa  are  rolled  up  and  are,  in  ali 
probability,  entirely  inert.  The  contraction  of  the  wall  of  the 
sperm  duct  would  surely  propel  the  degenerating  cells  as  rapidly 
as  the  rolled  up,  temporarily  inactive  spermatozoa. 

In  the  duct  are  found  some  cells  of  a  type  quite  distinct  from 
those  already  described  and  which  could  not  have  arisen  in  any 
of  the  ways  mentioned.  These  are  comparatively  large,  some- 
what  ovai  cells  and  closely  resemble  the  rolled  up  spermatozoa 
in  size  and  outline  but  diiìfer  from  them  in  showing  little  or  no 
affinity  for  nuclear  stains.  If  it  seemed  probable  that  a  spermato- 
zoón  would  remain  coiled  during  the  process  of  degeneration. 
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then  we  might  suppose  that  these  large,  faintly  stained  cells 
represent  degenerating  spermatozoa  and  as  they  seem  to  be  about 
as  numerous  as  the  deeply  stained  spermatozoa  their  presence 
might  mean  that  oniy  one  half  of  the  latter  become  functional. 
It  seems  more  probable,  however,  that  a  spermatozoòn  would 
uncoii  in  the  process  of  degeneration  and  it  also  seems  likely 
that  the  chromatin  in  the  head  would  retain  its  staining  capacity 
for  a  long  time.  I  am,  therefore,  at  a  loss  to  explain  the  presence 
of  these  large,  ovai  cells. 

SiGNIFICANCE    OF   THE   ACCESSORY    ChROMOSOMES. 

Until  comparatively  recent  times  the  problem  of  sex-determina- 
tion  has  been  approached  chiefly  from  the  outside  and  much 
experimental  work  has  been  done  in  the  attempt  to  prove  that 
extemal  factors,  such  as  nutrition,  temperature,  etc,  do  influence 
sex.  Within  the  last  few  years,  however,  minute  cytological 
research  has  directed  attention  to  internai  factors,  namely,  to  the 
nuclei  of  the  germ-cells  themselves,  and  there  is  now  good  reason 
to  believe  that  the  problem  can  be  put  on  a  morphological  basis. 
McClung's  ('02*)  brilliant  idea  that  dimorphism  of  the  sperma- 
tozoa caused  by  the  presence  or  absence  of  the  accessory  chromo- 
somes  might  have  a  direct  hearing  on  the  determination  of  sex  has 
been  strongly  supported  by  Wilson  ('05^,  *,  c^  '06)  and  Stevens 
(*05^,  '06^)  and,  more  recently,  by  Boring  ('07)  in  their  work  upon 
insects.  These  authors  fìnd  cases  in  which  the  somatic  cells  of  the 
male  contain  one  less  chromosome  than  the  somatic  cells  of  the 
female  or,  in  cases  where  one  half  of  the  spermatozoa  contain  a 
very  small  chromosome  represented  in  the  other  half  by  a  large 
chromosome,  the  somatic  cells  of  the  male  and  female  show 
corresponding  differences. 

In  the  spider  Agalena  ncevia  I  have  shown  that  dimorphism 
of  the  spermatozoa  obtains,  one  half  of  them  having  two  acces- 
sory chromosomes  and  one  half  of  them  lacking  these  elements. 
The  comparative  number  of  chromosomes  in  the  somatic  cells  of 
the  two  sexes  could  not  be  determined,  but  a  comparison  of  the 
developing  germ-cells  was  made  with  reference  to  the  presence 
or  absence  of  the  accessory  chromosomes.  In  the  spireme  stage 
of  the  growth  period  of  the  primary  spermatocytes,  the  two  rod- 
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like  accessory  chromosomes  are  more  conspicuous  than  at  any 
other  time  during  the  development  of  the  sperm-cells  (Fig.  1 3). 
On  the  other  hand,  a  study  of  the  primary  oócytes  at  a  corre- 
sponding  stage  reveals  the  fact  that  in  them  no  trace  of  the 
accessory  chromosomes  can  be  found  (Fig.  57).  It  might  be 
contended  that  during  the  much  longer  resting  stage  of  the 
oócytes,  the  accessory  chromosomes  dissolve  into  the  reticulum 
as  do  the  ordinary  chromosomes  but  an  argument  against  such 
an  interpretation  is  the  fact  that  the  same  lack  is  evident  even  in 
the  extremely  small  ovaries  of  very  young  spiders  captured  in 
June  —  two  months  before  the  breeding  season.  At  ali  stages  of 
the  growth  perìod,  in  the  youngest  as  well  as  in  the  oldest 
oócytes,  no  accessory  chromosomes  can  be  found.  Now,  while 
this  is  not  in  itself  conclusive  evidence  that  ali  of  the  cells  of  the 
female  spider  lack  the  accessory  chromosomes,  it  seems  probable 
that  such  is  the  case  in  the  light  of  the  work  upon  insects  and 
in  view  of  the  fact  that  one  half  of  the  spider  spermatozoa  lack 
these  two  elements.  Since  the  primary  oócytes  have  no  acces- 
sory chromosomes,  in  ali  probability  the  mature  eggs  lack  them 
also.  If,  then,  an  egg  be  fertilized  by  a  spermatozoón  possessing 
two  accessory  chromosomes,  a  male  would  be  produced  but  if  an 
egg  be  fertilized  by  a  spermatozoón  which  does  not  possess  them, 
a  female  would  be  produced.  This  interpretation  brings  the 
spider  into  line  with  the  insects  in  support  of  the  view  that  the 
accessory  chromosomes  may  be  directly  connected  with  sex- 
determination,  the  main  difference  between  the' insects  and  spiders 
being  that  in  the  former  the  female  has  the  greater  number  of 
chromosomes  while  in  the  latter  the  male  is  the  *'favored'* 
one. 

spemiatozoa     pva 
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COMPARISON    OF    ReSULTS. 

The  earliest  work  on  spider  spermatogcnesis  which  was  done 
under  sufficiently  modem  methods  to  concern  us  bere  is  that  of 
Wagner  {'g66),  but  bis  complete  paper,  publisbed  in  tbe  Russian 
language,  is  not  accessible  to  me.  From  a  preliminary  report 
in  a  German  perìodical  {*g6a)  and  from  several  sbort  reviews,  I 
judge  tbat  bis  work  bas  been  ratber  comprebensive,  including 
tbe  bistory  of  tbe  germ-celis  from  tbe  early  spermatogonia  to  tbe 
mature  spermatozoa.  His  studies  were  mainly  concemed  with 
Agalena  and  it  is  tberefore  witb  special  interest  tbat  I  compare 
my  resuits  witb  bis.  In  tbe  spermatogonia  be  states  tbat  division 
does  not  occur  according  to  tbe  ordinary  metbod  of  karyokinesis, 
nor  is  it  amitotic,  so  one  is  puzzled  to  know  wbat  metbod  of 
division  be  did  observe.  He  also  makes  tbe  surprising  state- 
ment tbat  tbe  nuclei  of  tbe  spermatocytes  are  mucb  smaller  tban 
tbe  nuclei  of  tbe  spermatogonia  of  tbe  last  generation.  In  tbe 
growtb  period  and  also  in  tbe  primary  spermatocytic  division 
Wagner  finds  a  peculiar  nucleolus  and  wbile  bis  descrìption  is 
far  from  accurate,  I  bave  no  besitancy  in  saying  tbat  under  tbis 
term  be  descrìbes  tbe  accessory  cbromosomes.  Tbis  so-called 
''  nucleolus"  bas  a  compact,  elliptical  forni  and  is  always  peripb- 
eral  in  position,  never  lying  inside  tbe  spireme  tbreads.  In 
tbe  succeeding  division  it  divides  eitber  in  tbe  piane  of  tbe  equa- 
torìal  piate  or  nearer  one  pole  and  in  tbe  latter  case  it  is  cast 
out  into  tbe  cytoplasm  (  !  ).  My  resuits  sbow  tbat  wbile  tbe 
accessory  cbromosomes  are  usually  in  a  perìpberal  position,  tbey 
occupy  a  more  centrai  position  in  tbe  growtb  period  and  are  tben 
surrounded  by  tbe  spireme  tbreads.  As  to  tbe  accessory  cbro- 
mosomes —  tbey  do  not  divide  at  ali  in  the  first  division  but  are 
carried  over  bodily  into  one  of  tbe  two  daugbter  cells. 

Early  workers  described  tbe  spermatozoón  as  of  a  disk-like, 
aberrant  form  sbowing  no  resemblance  to  tbe  ordinary  type. 
Wagner  was  tbe  first  to  discover  tbat  tbis  peculiar  looking  sper- 
matozoón, witb  apparently  no  organ  of  locomotion,  does  in  real- 
ity  essentially  agree  in  its  development  witb  tbe  ordinary  type 
and  possesses  bead,  tail  and  apical  body.  He  also  demonstrated 
clearly  tbat  the  disk-like  form  is  due  to  tbe  fact  tbat  tbe  ripe 
spermatozoón  roUs  itself  up  in  such  a  way  that  it  is  difficult  to 
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recognize  its  resemblance  to  a  typical  spermatozoón.  In  the 
transformatìon  of  the  spermatid,  he  incorrcctiy  explained  the 
growth  of  the  axial  filament,  holding  that  it  first  appears  in  the 
cytoplasm  and  later  makes  connection  with  the  nucleus  and  he 
was  also  mistaken  in  believing  that  a  portion  of  the  nucleus  takes 
no  part  in  the  formation  of  the  spermatozoón  head  and  later  dis- 
appears.  Wagner's  work,  on  the  whole,  added  much  to  our 
understanding  of  the  peculiar  spider  spermatozoón  and  made  a 
foundation  for  the  more  detailed  work  of  Bósenberg  which  is 
reviewed  below. 

Montgomery's  work  ('05)  on  Lycosa  follows  in  some  detail  the 
history  of  the  spermatocytes,  and  as  a  number  of  my  results 
differ  from  his,  it  seems  worth  while  to  enumerate  the  main  points 
in  which  we  disagree.  A  careful  perusal  of  his  text  and  figures, 
and  my  own  observations  on  several  different  genera  including 
Lycosa^  lead  me  to  believe  that  he  has  misinterpreted  some  points 
and  that  a  further  study  of  Lycosa  will  bring  about  greater  har- 
mony  in  our  results. 

1.  In  Lycosa,  he  says  :  "  There  is  no  rest  stage  at  any  period 
of  spermatocytic  history." 

In  Agalena,  well-marked  rest  stages  occur  in  both  of  the 
spermatocytes  and  in  the  spermatids. 

2.  In  Lycosa  **  where  the  ends  of  two  conjugated  chromo- 
somes  come  together  is  frequently  found  a  slight  notch  or  break 
which  is  a  connecting  band  of  linin."  . 

In  Agalena  the  point  of  union  is  marked  by  a  greater  accu- 
mulation  of  chromomeres  at  the  bend  of  the  spirema  loop. 

3.  In  Lycosa  **the  split  in  the  prophase  (of  the  first  division) 
does  not  extend  through  the  distai  ends  of  the  generally  V- 
shaped  loops." 

.  In  Agalena  the  split  extends  thrpughout  the  length  of  the 
loop. 

4.  In  Lycosa  the  longitudinal  split  of  the  prophase  of  the  first 
maturation  division  becomes  **  in  some  of  the  chromosomes  a 
little  wider  than  during  post-synapsis  but.  this  happens  with 
only  a  minority  of  the  chromosomes  in  any  nucleus  and  it  is  not 
a  definitive  stage  in  the  structural  change  of  every  chromosome 
for  the  reason  of  its  relative  infrequency.  Most  of  the  chromo- 
somes are  straight  or  bent  rods." 
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In  Agalena,  the  widening  of  the  longitudinal  split  at  this  stage 
is  of  universal  occurrence  in  the  ordinary  chromosomes  and  is  of 
first  importance  as  a  foreshadowing  of  the  opening  out  of  the 
single  V-shaped  chromosomes  to  form  doublé  V's,  which  is  the  de- 
finitive form  of  every  ordinary  chromosome.  Furthermore  Mont- 
gomery's  own  figures  of  the  telophase  show  many  V-shaped 
chromosomes  and  indicate  that  in  Lycosa,  also,  the  chromosomes 
of  the  metaphase  are  doublé  V's.  On  examination  of  my  own 
sections  of  Lycosa,  I  find  this  to  be  true. 

5.  In  Lycosa  **  there  is  no  intermediate  cell-plate  formed  after 
the  reduction  division  but  after  ali  other  divisions." 

In  Agalena^  the  intermediate  cell-plate  is  always  found  at  this 
stage  and  is  often  conspicuous. 

6.  In  Lycosa  **the  two  univalent  heterochromosomes  coniu- 
gate side  to  side  though  their  ends  directed  toward  the  distai 
nuclear  pole  are  in  closer  touch  than  their  opposite  ends,  in  con- 
trast  to  the  behavior  of  the  other  chromosomes." 

In  Agalena  the  heterochromosomes  unite,  apparently,  into 
a  single  mass  and  the  union  usually  begins  at  the  ends  directed 
toward  the  centrai  pole. 

7.  In  Lycosa  **the  mode  of  division  of  the  bivalent  hetero- 
chromosomes was  not  positively  determined*'  but  in  its  forma- 
tion  "  there  is  some  evidence  that  the  heterochromosome  may 
behave  like  the  others  during  the  maturation  mitoses,  namely, 
that  it  may  undergo  a  reductional  division  in  the  first  and  an 
equational  division  in  the  second  mitosis.  And  we  can  say  posi- 
tively that  the  whole  bivalent  heterochromosome  does  not  pass 
undivided  into  one  of  the  second  spermatocytes."  (!) 

In  Agalena  and  several  other  genera  the  heterochromosomes 
clearly  pass  undivided  into  the  secondary  spermatocytes  and  in 
Agalena^  at  least,  they  are  equationally  divided  in  the  second 
maturation  mitosis. 

Bòsenberg's  beautiful  wofk  ('05)  on  the  spermatogenesii  of 
the  Arachnida  is  based  chiefly  upon  a'study  of  Lycosa  and  his 
observations  begin  with  the  telophase  of  the  second  maturation 
division,  his  work  being  largely  confined  to  a  detailed  study  of 
the  transformation  of  the  spermatid  into  the  mature  spermatozoón. 
Taking  Wagner's  results  upon  Agalena  as  a  starting  point,  he 
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follows  witb  utmost  care  the  developinent  of  the  spermatìd 
nucleus,  centrosome  and  idiozome.  He,  like  Wagner,  undoubt- 
edly  mistook  the  compact  accessory  chromosomes  for  a  nucleolus 
which  is  conspicuous  and  often  surrounded  by  a  clear  area  in  the 
spermatids.  According  to  Bósenberg,  this  nuclear  element  dis- 
appears  prior  to  the  formation  of  the  chromatin  piate  at  one  side 
of  the  spermatìd  nucleus.  As  a  matter  of  fact,  however,  the 
accessory  chromosomes  (**  nucleolus  *')  form  an  important  part 
of  the  chromatin  piate  in  half  of  the  spermatids,  first  stretching 
across  the  side  of  the  nucleus  where  the  chromatin  granules  later 
accumulate.  Bósenberg  traced  the  subdivision  of  the  centrosome 
into  proximal  and  distai  portions.  The  distai  centrosome 
migrates  to  the  cell-periphery  and  from  it  grows  out  the  delicate 
extracellular  axial  filament.  The  proximal  centrosome  moves 
over  or  through  a  portion  of  the  nucleus  and  later  becomes  com- 
paratìvely  large  and  pear-shaped.  It  is  then  regarded  as  the 
connecting-piece,  or  middle-piece,  the  latter  term  being  thought 
inapproprìate  in  the  spider  spermatozoòn.  The  apical  body  is 
derìved  from  the  idiozome  vesicle  and  contains  a  filament  which 
bears  a  small  granule.  The  latter  is  derived  from  the  conncct- 
ing  piece.  My  observations,  so  far  as  they  bave  gone,  indicate 
a  dose  agreement  between  the  transformation  of  the  spermatid 
of  Lycosa  and  that  of  Agalena. 

To  Berry  ('06)  belongs  the  credit  of  first  reporting  dimorphism 
of  the  spider  spermatozoa  although  in  her  brìef  paper  on  Epeira 
she  was  not  able  to  brìng  forward  much  data  in  support  of  this 
view.  In  the  telophase  of  the  last  spermatogonial  division,  one 
chromosome  appears  to  bave  no  mate  and  is  therefore  regarded 
as  the  odd  chromosome  which  persists  as  a  single,  univalent 
element  in  the  rest  stages,  becoming  longitudinally  split  in  the 
spireme.  In  the  first  maturation  mitosis,  the  odd  chromosome 
is  carrìed  to  but  one  pole  and  while  it  was  not  identified  in  the 
second  maturation  mitosis  it  is  thought  to  divide  along  the  line 
of  the  originai  longitudinal  split,  the  resultant  halves  being  car- 
ned  to  the  opposite  poles  of  the  spindle.  This  view  is  supported 
by  the  fact  that  apparently  one  half  of  the  spermatìds  contain  a 
single  chromatin  mass  while  the  other  half  do  not. 

Knowing  by  experience  the  difficulty  of  accurately  counting 
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numerous  rod>like  chromosomes  which  often  overlap  one  another 
and  knowing  also  the  possibility  that  ali  of  the  chromosomes 
may  not  necessarily  lie  in  the  piane  of  a  given  section  and  may 
therefore  be  counted  twice,  it  seems  to  me  unwise  to  place  much 
reliance  upon  the  fìnding  of  an  apparently  unmated  chromosome 
in  the  telophase  of  the  last  spermatogonia.  Again,  the  split  and 
unsplit  odd  chromosome  of  the  rest  stage  and  of  the  growth 
period  may  be  two  univalent  heterochromosomes  or  accessory 
chromosomes  before  and  after  conjugation,  as  in  Agalena.  In 
the  primary  spermatocytic  division  of  Epeira  the  split,  odd  chro- 
mosome which  is  carried  to  but  one  pole  is  probably  the  two 
univalent  accessory  chromosomes  and  while  Berry  surmised  that 
the  halves  of  this  single  element  are  separated  in  the  secondary 
spermatocytic  division,  it  is  possible  that  each  half  of  the  odd 
chromosome,  or,  as  I  believe,  each  univalent  element  of  the  two 
accessory  chromosomes,  splits  lengthwise  and  is  equally  dis- 
tributed  to  the  opposite  poles.  While  Berry  finds  a  single  chro- 
matin  mass  in  half  of  the  spermatids,  I  iìnd  in  Agalena  two 
accessory  chromosomes  in  half  of  the  spermatids.  These,  how- 
ever,  eventually  fuse  into  a  single  mass,  so  there  is  no  real 
discrepancy  here.  Our  main  point  of  issue  is  with  the  origin  of 
the  accessory  chromosomes.  If  it  be  granted  that  they  originate 
from  two  spermatogonial  chromosomes  rather  than  from  one, 
then  it  is  possible  to  interpret  ali  of  Berry 's  figures  in  such  a  way 
that  the  odd  chromosome  of  Epeira  and  the  two  accessory 
chromosomes  of  Agalena  will  be  seen  to  be  nearly  identical 
in  behavior  and  fate.  The  forms  of  the  ordinary  chromosomes 
of  Epeira  in  the  prophase  and  metaphase  of  the  first  maturation 
division  are  somewhat  obscure  in  the  figures  but  are  described 
as  V's,  rings,  rods  and  crosses.  Now  one  who  is  familiar  with 
the  doublé  V-shaped  chromosomes  in  other  forms  can  readily  see 
how  they  might  appear  as  represented,  especially  if  they  are  over- 
stained  or  closely  packed  together.  Furthermore,  my  own  sec- 
tions  of  Epeira  show  plainly  that  the  definitive  form  of  the  chro- 
mosomes in  the  equatorial  piate  of  the  first  maturation  division  is 
that  of  a  doublé  V. 

It  may  not  be  out  of  place  to  mention  here  the  two  chief  errors 
in  my  own  previous  work  ('05).     In  the  first  place  I  failed  to 


Digitized  by 


Google 


I50  LOUISE    B.    WALLACE. 

fìnd  the  division  of  the  accessory  chromosomes  in  the  second 
maturation  mitosis  and  in  the  second  place  I  failed  to  fìnd  the 
tail  of  the  spermatozoón.  These  points  have  been  fully  discussed 
in  the  body  of  this  paper. 

Although  I  am  fully  aware  that  it  is  easy  to  read  one's  own 
interpretation  into  the  work  of  others,  nevertheless  I  am  confident 
that  the  spermatogenesis  of  at  least  three  genera  of  spiders  — 
Agalena,  Epeira  and  Lycosa  —  will  be  found  to  agree  in  ali 
essential  points. 

SUMMARY. 

1.  In  the  spermatogonia  the  nuclei  are  unusually  large.  The 
chromosomes  are  rod-like  and  are  probably  at  least  fifty-two  in 
number.  Two  of  them  appear  different  from  the  others  and  are 
regarded  as  the  accessory  chromosomes. 

2.  In  the  primary  spermatocytes,  the  ordinary  chromosomes 
conjugate  end  to  end  in  synapsis  to  form  V-shaped  chromosomes 
These  open  out  along  the  line  of  the  longitudinal  split  of  the 
spi  reme  to  form  doublé  V's  and  divide  reductionally.  In  the 
early  rest  stage  the  two  accessory  chromosomes  take  the  form 
of  two  chromatin  nucleoli  which  later  unite  into  a  single  chro- 
matin  nucleolus.  At  the  beginning  of  the  growth  period  they 
again  take  the  form  of  two  rods  which  later  conjugate  side  to  side 
during  a  small  fraction  of  the  growth  period.  In  mitosis  they 
pass  over  bodily  into  but  one  of  the  two  daughter  cells. 

3.  In  the  second  spermatocytic  division  the  V-shaped  chromo- 
somes and  also  the  two  rod-like  accessory  chromosomes  divide 
equationally.  The  reduced  number  of  the  ordinary  chromosomes 
is  probably  at  least  twenty-fìve. 

4.  The  spermatozoón  has  a  well-developed  axial  iìlament  de- 
rived  from  the  distai  centrosome.  The  proximal  centrosome 
gives  rise  to  the  end-knob. 

5.  There  is  dimorphism  of  the  spermatozoa,  half  of  them  con- 
taining  two  accessory  chromosomes  and  half  of  them  lacking 
these  elements. 

6.  Since  the  accessory  chromosomes  are  more  conspicuous 
during  the  growth  period  of  the  primary  spermatocytes  than  at 
any  other  time  and  in  the  primary  oòcytes  no  trace  of  them  can 
be  found  and  since  the  dimorphism  of  the  spermatozoa  is  due  to 
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the  presence  or  absénce  of  these  peculiar  elements.  it  seems  prob- 
able  that  an  egg  fertilized  by  a  spermatozoón  possessing  the 
accessory  chromosomes  develops  into  a  male  while  an  egg  fertil- 
ized by  a  spermatozoón  which  lacks  the  accessory  chromosomes 
develops  into  a  female.  The  results  of  my  work  upon  the  spider, 
therefore,  furnish  further  evidence  in  support  of  McClung's  theory 
of  sex-determination. 

7.  Degenerating  cells  or  celi  fragments  which  envelop  the 
ripe  spermatozoa  in  the  sperm-ducts  come  from  at  least  four  dif- 
ferent  sources.  These  are  as  follows  :  {a)  Broken  down  walls  of 
empty  cysts,  (fi)  celi  bodies  from  which  the  ripe  spermatozoa  have 
escaped,  (e)  **  connecting  bodies  '*  of  sister  spermatids,  and  their 
contained  mid-bodies,  (d)  large,  ovai  cells  which  resemble  the 
rolled  up  spermatozoa,  in  size  and  outline. 
University  of  Pennsylvania, 
May,  1908. 
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EXPLANATION  OF  PLATES. 

Ali  fìgures  were  drawn  with  the  aid  of  a  camera  lucida  under  Bausch  and  Lomb 
one  twelfth  oil  immersion  and  Zeiss  Comp.  oc.  12.  at  table  level  and  in  the  plates 
are  reduced  about  one  eighth. 

Ali  net  otherwise  specifìed  are  taken  from  Agalena  turvia. 

Abbreviations  :  a.c,  accessory  chromosome  ;  a,  mature  spermatozodn  ;  b^  degen- 
erating  cytoplasmic  body  ;  r,  degenerating  spermatid  ;  d^  degenerating  spennato- 
zodn  (?)  ;  y^  yolk  nucleus. 

EXPLANATION   OF    Pl.ATE    l. 

FiGS.  I,  2.     Spermatogonium.     Metaphase. 

FiGS.  3,  4.     Spermatogonium.     Anaphase. 

FiGS.  5-7.     Prìmary  spermatocytes.     Rese  stage. 

FiGS.  8,  9.     Prìmary  spermatocytes.     Contraction  stage. 

FiGS.  10-12.     Primary  spermatocytes  of  growth  period.     Spireme  not  split. 

FiG.  13.     Primary  spermatocyte.     Spireme  thread  longitudinally  split. 

FiG.  14.     Primary  spermatocyte.     Cross-section  of  split  spireme. 

FiGS.  15-17.  Primary  spermatocytes.  Split  in  spireme  thread  widens.  The  ac- 
cessory chromosomes  coniugate. 

FiG.  18.  Prìmary  spermatocyte.  Cross-section  of  split  spireme  and  conjugated 
accessory  chromosomes. 


Digitized  by 


Google 


BIOLOOICAL  BULLETIN,   VOL.   X«ni.      LOUISE   8.   WALLACE. 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


156  LOUISE    B.    WArJACE. 


EXPLANATION   OF   PLATE   li. 

FiGS.  19-21.  Primary  spermatocytes.  The  spireme  loops  conlract.  The  acces- 
sory  chromosomes  separate  again. 

FiGS.  22,  23.  Primary  spermatocytes.  Prophase.  Single  V-shaped  chromo- 
somes open  out  into  doublé  V's. 

FiG.  24.     Primary  spermatocyte.     Metaphase. 

FiG.  25.  Primary  spermatocyte.  Division  of  doublé  V's  to  form  single  V's. 
Accessory  chromosomes  passing  to  one  pole. 

FiG.  26.     Primary  spermatocyte.     Anapbase. 

FiG.  27.     Primary  spermatocyte.     Anapbase.     Pole  view,  a. e.  split. 

FiG.  28.     Primary  spermatocyte.     Telophase. 

FiGS.  29,  30.     Secondary  spermatocytes.     Rest  stage. 

FiG.  31.  Secondary  spermatocyte.  Prophase.  Accessory  chromosomes  show 
precocious,  longitudinal  split. 

FiGS.  32,  33.     Secondary  spermatocytes.     Metaphase. 

FiG.  34.  Secondary  spermatocyte.  Division  of  V-shaped  chromosomes  into  rod- 
shaped  chromoìiomes. 

KiGS.  35,  36.  Secondary  spermatocytes.  Anapbase.  Accessory  chromosomes 
divide  equationally. 

FiG.  37.  Secondary  spermatocyte.  Late  anapbase,  showing  twenty-fìve  rod- 
shaped  chromosomes. 
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EXPLANATION  OF  PLATE  III. 

FiGS.  38,  39.     Secondary  spermatocytes.     Late  anaphase. 

FiGS.  40,  41.  Secondary  spermatocytes.  Telophase.  Accessory  chromosomes 
Urge  and  conspìcnous. 

FiGS.  42,  43.     Spermatids.     Axial  filament  grows  out  from  centrosome. 

FiGS.  44,  45.  Spermatids.  Interzona!  fibers  disappear.  The  mid-body  persUts 
at  center  of  **  connecting-body.'* 

FiGS.  46, 47.  Spermatids.  Contraction  stage.  Accessory  chromosomes  sur- 
rounded  by  clear  area. 

FiGS.  48,  49.  Spermatids.  Accessory  chromosomes  unite  and  pass  toward  cen- 
trai pole  ;  proximal  centrosome  passes  over  or  into  nucleus.     Axial  filament  lengthens. 

FiGS.  50,51.  Spermatids.  Nucleus  elongated.  Accessory  chromosomes  again 
show  partial  separation.  Chromatin  piate  forms.  Proximal  centrosomes  becoroes 
larger. 

FiG.  52.  Spermatid.  Cross- sectìon  of  accessory  chromosomes.  Chromatin  piate 
and  proximal  centrosome. 

FiGS.  53,  54.  Spermatozoa.  Apical  granule  projects  from  apical  body.  Proxi- 
mal centrosome  becomes  end-knob.  Accessory  chromosomes  on  convex  side  of  head 
in  Fig.  53. 
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EXPLANATION  OF  PlATE  IV. 

Spermatozoa  escaped  fipom  celi  bodies. 

Spermatozoa  contraeteci  and  coiling  up.     Celi  bodies  contractìng  also. 
Primary  oòcyte,  growth  period. 
Celi  bodies.     Stages  in  degeneration,  a-e, 
Portìon  of  sperm-duct  in  breeding  season. 
Cyst  full  of  degenerating  spermatids.     (Fholcus  phalangioides.) 
(a)  Mature  spermatozoa,  (ò)  degenerating  celi  bodies  and  (r)  degen- 
erating spermatids  found  in  lumen  of  testis  of  Pholcus  phalangioides. 
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